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Title & Document Type: 35660A Dynamic Signal Analyzer Getting Started Guide 
Manual Part Number: 35660-90005 
Revision Date: July 1988 
About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 

HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, life sciences, and chemical analysis 
businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is 
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent 
8648A. We have made no changes to this manual copy. 

Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 
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CERTIFICATION 

Hewlett-Packard Company certifies that this product met its pitblisl cd specifications at the 
time of shipment from the factory, Hewlett-Packard further certifies that its calibration 
measurements are traceable to the United Slates National Bureau of Standards, to the extent 
allowed by the Bureau's calibration facility, and the calibration facilities of other 
International Standards Organization Members, 

WARRANTY 

T his Howlett'Packard product is warranted against defects in material and workmanship for 
a period of one year from date of shipment. During the warranty period, Hewlett-Packard 
Company will, at its option, either repair or replace products which prove to be defective. 

For warranty service or repair, this product must be returned to a service facility designated 
by -hp-. Buyer shall prepay shipping charges to -hp- and -hp- shall pay shipping charges to 
return the product to Buyer, However, Buyer shall pay al.’ shipping charges, duties, and 
taxes for products returned to -hp- from another country. 

HP software and firmware products which are designated by HP for use with a hardware 
product, when properly Installed on the hardware product, are warranted not to fail to 
6.\:ecute their programing instructions due to defects in materials and workmanship. If HP 
receives notice of such defects during their warranty period, HP shall repair or replace 
software media and firmware which do not execute their programming instructions due to 
such defects. HP does not warrant that the operation of the software, firmware or hardware 
snail be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from improper or inadequate 
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or 
misuse, operation outside of the environmental specifications for the product, or improper 
site preparation or maintenance 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMP JED WARRANTIES OF MEFCHANTABILITY AND FITNESS FOR 
PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. 

SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL 
K'ICIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, 



ASSISTAI.VCE 

Pmduct mamtetmnee agreements and other customer assistance agreements are available for 
Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office, Addresses 
are provided at the back of this manual. 
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SAFETY SUMMARY 

Tlie following general safety precautions must be observed during all phases of 
operation, service, and repair of this instnunent. Failure to comply with these 
precautions or with specific warnings elsewhere in this manual violates safety 
standards of design, manufacture, and Intended use of the instrument. 
Hewlett-Packard Company assumes no liability for the customer's failure to 
comply with these requirements. This is a Safety Class 1 instrument. 

GROUND THE INSTRUMENT 

To minimize shock hazard, the instrument chassis and cabinet must be connected to an 
electrical ground, The instrument is equipped with a three-conductor ac power cable. The 
power cable must either be plugged into an approved three-contact electrical outlet or used 
with a three-contact to two-contact adapter with the grounding wire (green) firmly 
connected to an electrical ground (safety ground) at the power outlet. The power jack and 
mating plug of the power cable meet International Electrotechnical Commission (lEC) safety 
standards, 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the Instrument in the presence of fiammable gases or fumes. Operation of 
any electrical instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers. Component replacement and 
internal adjustments must be made by qualified maintenance personnel. Do not replace 
components with power cable connected. Under certain conditions, dangerous voltages may 
exist even with the power cable removed. To avoid Injuries, always disconnect power and 
discharge circuits before touching them. 

DO NOT SERVICE OR ADJUST ALONE 

Do not attempt Internal service or adjustment unless another person, capable of rendering 
first aid and resuscitation, is present. 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Because of the danger of introducing additional hazards, do not install substitute parts or 
perform any unauthorized modification to the instrument. Return the Instrument to a 
Hewlett-Packard Sales and Service Office for service and repair to ensure the safety features 
are maintained, 

DANGEROUS PROCEDURE WARNINGS 

Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 

WARNING 

Dangerous voltages, capable of cau.sing death, ore present In this 
instrument. Use extreme caution when handling, testing, and 
adjusting. 
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SAFETY SYMBOLS 

General Definitions of Safety Symbols Used On Equipment or In Manuals. 

A Inslrucllon manual symbol: the product will be marked with this 

symbol when It Is necessary for the user to refer to the 
Instruction manual In order to protect against damage to the 
Instrument. 

f Indicates dangerous voltage (terminals fed from the Interior by 

voltage exceeding 1 000 volts must be so marked.) 

, Protective conductor terminal. For protection against electrical 

^ shock In case of a fault. Used with field wiring terminals to 

/ Indicate the terminal which must be connected to ground before 
operating equipment. 

® Low-noise or noiseless, clean ground (earth) terminal. Used for 

a signal common, as well as providing protection against 
electrical shock In case of a fault. A terminal marked with this 
syrnbol must be connected to ground In the manner described 
In the Installation (operating) manual, and before operating the 
equipment. 

a/7 OR -L Prame or chassis terminal. A connection to the frame (chassis) 
of the equipment which normally Includes all exposed metal 
structures. 

Alternating current (power line). 

Direct current (power line). 

'V Alternating or direct current (power line). 

WARNING Th0 WARNING sign denotes a hazard. It calls attention to a procedure, practice, 
condition or the like, which If not correctly performc I or adhered to, could result 
In Injury or death to pf> sonnel. 
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CAUTION The CAUTION sign denotes a hazard. It cells attention to an operating procedure, 
practice, condition or the like, which, if not correctly performed or adhered to, could 
result In damage to or destruction of part or all of the product. 



NOTE The NOTE sign denotes important Information. It calls attention to procedure. 
practice, condition or the like, which Is essential to highlight 
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Chapter 1 

Before You Begin 



Please take a moment to road this introduction, Then go to Chapter 2, “Your First 
Measurement,’^ to get comfortable with your new analyzer. 

The Hewlett-Packard 36660A Dynamic Signal Analyzer helps you test, analyze, and design 
DC to 100 kHz electronic, electro-mechanical, and mechanical systems. If you’ve never used 
an FFT (Fast Fourier Tronsform) Dynamic Signol Analyzer before, you might think one 
difficult to use. Don’t worry. Many measurements will be familiar to you — some are the 
same measurements made with swept-timed analyzers. 



How to Use this Book 



Before you start using the onolyzer, take a few minutes to read Part I — 2Vie Basics, This 
tells you what each measurement is all about — and a few hints that will help as you begin to 
use your analyzer. Even if you’ve used an FFT dynamic signal analyzer before, you might 
find a brief review of the basics useful. 

If you already understand basic FFT measurements, you might want to proceed directly to 
the easy-to-follow measurement tosks. These are in two sections? Part II — Making 
Spectrum Measurements and Part III — Making Network Measurements, Each task steps 
you through a typical measurement procedure. To really learn how to use the analyzer, it’s 
best if you gather the necessary equipment (outlined at the beginning of each task) and 
actually set up and make the measurements, The list of measurement tasks is by no means 
exhaustive — but after stepping through most of them, you’ll have a good idea of what the 
analyzer can do for you. 

After you’ve looked through the example measurements, spend some tima with Part IV - 
Beyond the Basics. Here’s where you’ll learn about the analyzer's more sophisticated 
features. 

And of course use, the index to quickly locate the information you need. 
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Before You Begin 



Where to find Additional Information 



For quick information about specific hardkeys and softkeys, see the HP366G0A Front-Panel 
Reference, This book also contains sodkey menu maps and a more detailed description of the 
analyzer’s front panel. 

For specincations, installation instructions, end performance tests, see the HP36660A 
Installation Guide, 

To help you operate the analyzer remotely via FIP-IB, see the HP 36660A Programming 
Reference, 

Additionally, you will find opplicatlons information in numerous Hewlett-Pockard 
Application Notes. These are avoilable from your local HP Sales and Service Office. In 
particular, you might want to request a copy of the following application notes: 

• AN 243 — The Fundamentals of Signal Analysis 

• AN 243-1 -- Efiective Machinery Maintenance Using Vibration Analysis 

• AN 243-2 — Control System Development Using Dynamic Signal Analyzers 

• AN 243-3 — The Fundamentals of Modal Testing 



About the Analyzer 
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The HP 36660A Dynamic Signal Analyzer is really two instruments in one — a network 
analyzer and a spectrum analyzer. You can make network or two-channel spectrum 
measurements, from 244 /xHz to 61.2 kHz; or single-channel spectrum measurements from 
488 /iHz to 102.4 kHz. There’s also a built-in signal source with choice of random noise, 
periodic chirp (fast sine sweep), or fixed sine wave. 

The analyzer has three connectors on the front panel. One connector is a signal source. The 
others two connectors are the channel 1 input and the channel 2 input. On the back panel, 
there's a connector for an external trigger and one for the HP-IB. To learn more about these 
connectors, see the HP 36660A Front-Panel Reference. 
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Chapter 2 

Your First Measurement 



Ifyou haven’t used the analyzer before, take a few minutes to moke this first measurement. 
In this measurement, you will do the following: 

• Look at the averaged power spectrum of a 1 kHz sine wave 

• Check, to see if the sine wave is really at 1 kHz 

• Look for any harmonics of the fundamental frequency 
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Your First Measurement 



Measurement Setup 



DYNAMIC SIGNAL ANALYZER 




As you step through the following task, you may find that your measurement results dlflfer 
slightly from those shown here. Keep In mind that the tasks are designed to help you learn 
about the analyzer — not to duplicate specific measurement results. 
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Your First Measuremonl 



1, If you've already turned on tho 
analyzer, press Preset >. 

If the analyzer Is off, turn It on 
and wait until It warms up 
and calibrates. Then 
press < Preset > 

2. Connect the analyzer’s source 
to the Channel 1 Input. 



3, Press < Source > 

[ SOURCE Off/OFF J 
[FI>C0 SI»E} 

4. Press [ SINE FREQ ENinV ] 

< 1 > [ m; ) 

6. Press [level) 

< 1 > [ Vrms J 
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Your First Measuroment 



6. Now look at the analyzer's 
screen. This Is a display of the 
linear spectrum. 

This display appears In 
frequency domain. 



7. Press < Freq > 

[SPAN] 

Now use the < hardkey 
to step through several spans. 

Slop when you reach. 3.2 kHz 
- If you step down loo far, 
simply use the < -ij^> 
hardkey to go back up to 
3.2 kHz. 

7a. If you don’t see any 
harmonics, press < input > 

[ CrtANNEL 1 RANCiE ]. 

Then press < > twice. 

8, Press ; Average > 

, [AVERAGt OH/OFF I 

The analyzer should start an 
averaged mnasurement right 
away. 
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Your First Measurement 



9. Press < Scale > 

[VERIICAWJIV] 

<\> <2> (du] 

This selects a vertical scale of 
12 dB per division. 

1 0. Press < Stan > 

1 1 . Press < Marker > 

[marker TO peak] 

1 2. Note the frequency value 
Indicated by the marker's 
x-axIs position. 

13. Note the amplitude value 
Indicated by the marker’s 
y-axls position. 



1 4. Press the < A > hardkey 
several times, until the marker 
moves to 3 kHz. 




\ : Note how anotl 
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1 5. Not© the frequency value 
indicated by the marker’s 
x-axts position. 

1 6. Note the amplitude value 
Indicated by the marker’s 
y-axis position, 
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Chapter 3 

Meas'jrement Basics 



Time Domain vs. Frequency Domain 



If you haven't used a network analyzer or spectrum analyzer before, it’s important to 
understand the difference between time-domain displays and frequency-domain displays. 

Time-domain displays show a parameter (such as amplitude) versus time. This is the 
traditional way of looking at a signal. Oscilloscopes display signals in the time domain. 

Frequency-domain displays show a parameter (again, such as amplitude) versus frequency. 
The analyzer uses an FFT (Fast Fourier Transform) algorithm to convert an analog input 
signal — a ..ime-domain signal — to a signal displayed in the frequency domain. The 
tremendous advantage of frequency-domain displays is they can reveal very small signals not 
visible in time-domain displays — signals such as noise and distortion products. 

All analyzer measurements appear in the frequency domain except time records. 

One type of measurement that appears in the frequency domain is a spectrum measurement. 
Spectrum measurements show the energy of each frequency component at sampled points 
along the frequency spectrum. Now look at the figure and note the difference between the 
time-domain and frequency-domain displays of the same input signal. 

The Relationship Between the Time and Frequency Domains. 
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Meiisurement Basics 



The Frequency Span 



You can vary the size and the center fi*c(]uoncy of the span to best suit your nicasuretncnt 
needs. The HP 36660A Dynamic Signal Armlyzer always presents data with a 401-point 
resolution - even when viewing very small spans. The tremendous advantage of FFT signal 
analyzers is that they have good frequency resolution for smaller frequency spans (they also 
make those measurements much more quickly Uian swapt-tunod analyzers). And you con 
use much smaller spans with FFT analyzers as well. 

Full-span measurements let you view the entire frequency spectrum on one display. For 
one-channel measurements, the spectrum will extend from dc to 102.4 kHz. For two-channel 
measurements, the spectrum will extend from dc to 61.2 kHz. 

Alternatively, you may wish to view smaller slices of the r quency spectrum. You can select 
one of twenty different spans and position these spans you want by specifying their 
start or center frequencies. This process of viewing smaller spans is sometimes called 
"band-selectable analysis." Measurements with spans that start at 0 Hz are called 
"baseband" measurements - those with spans that start at frequencies other than 0 Hz are 
called “zoomed" measurements. 

1 here's more you should know about selecting an appropriate frequency span. We’ll cover 
that later in this chapter. 



First, the FFT 



The Fast Fourier Transform (FFT) is a an implementation of th» Discrete Fourier 
Transform, e math algorithm used for transforming data from the time domain to the 
frequency do. min. Before the analyzer uses the FFT algorithm, it samples the input signal 
with an analog-to-digital converter (the Nyquist sampling theorem states that if samples are 
taken twice lust as the highest frequency component in the signal, the signal can be 
reconstructed exactly). This transforms the continuous (analog) signal into a discrete 
(digital) signal. 



Because the input si^al is sampled, an exact representation of this signal is not available in 
either the time domain or the frequency domain. However, by spa''ing the samples closely, 
the analyzer provides an excellent approximation of the input signal. ’ 

The analyzer display appears to be one continuous trace. However, the display {• really 
401 discrete points connected together. Bach point is called a frequency bin (or just bin 
for short). 




MeasurerriGnt Basics 



Can the Analyzer Measure DC? 



The analyzer is not designed to measure dc. However, it is designed to measure very low 
frequencies — os low as 244 ;xHz for two-channel measurements and 488 /xHz for 
one-chennel measurements. The analyzer can, in fact, measure dc, but not without 
including a dc offset of its own that can contribute to (or obscure) a dc offset in the input 
signal. This internal offset is caused by residual dc that originates in the analyzer’s input 
amplifiers. Thus, dc measurements are not guaranteed to be accurate. 

As you use the analyzer, you will notice a dc offset when making baseband measurements 
(those with spans that start at 0 Hz). This offset is always present in the 0 Hz bin 
(sometimes called the dc bin). The feedthrough that cause the offset may also leak into the 
first several bins as well. If this is a problem, start the frequency span several bins above 
0 Hz to nvtijd the feedthrough. 



The Time Record 



A time record is the amount of time-domain data the analyzer needs to perform one FFT 
operation. The time record and its FFT are the building blocks the analyzer needs for all 
subsequent measurements. 

The analyzer takes 1024 samples of time data to produce 612 points of frequency domain 
data. The analyzer usually displays the first 401 points of this data and discards the rest 
(this accommodates the anti-aliasing filters, but that’s beyond the scope of our current 
discussion). 

The relationship between a time record and the frequency data is relatively straightforward. 
If a signal component completes one cycle within the time record, it will show up in the first 
frequency bin (the first point on the analyzer’s display). If a component takes two cycles to 
complete, it will show up in the second bin. And so forth. 

So if a time record is i second long (and you start at 0 Hz), then the period of the signal for 
the first bin is also 1 second. And its frequency (1/period) is 1 Hz. Since there are 401 bins 
displayed, the span will be 400 Hz, The effective sampling frequency is simply 1024 divided 
by the length of the time record. 



Why a Time Record? 



Essentially, the time record is a block of time-domain sample points. Now since the actual 
Fourier Transform does not have explicit time or frequency references (it simply operates on 
a sequential collection of points), FFT analyzeis must assign orbitrary start and finish times 
for data to be transformed. These blocks of input data ore called time records. 
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Measuremont Basics 



Measurement Speed vs. Time Record Length 



Frequency Span 
(Hz) 


Time Record 
Length (sec) 


Resolution * 
(Hz) 


102400 


.00390625 


266 


61200 


.0078125 


128 


26C00 


.016625 


64 


12R00 


.03125 


32 


6400 


.0625 


16 


3200 


.125 


8 


1600 


.25 


4 


BOO 


.5 


2 


400 


1 


1 


200 


2 


.5 


100 


4 


,25 


50 


6 


.125 


25 


16 


.0625 


12.5 


32 


.03215 


6.25 


64 


.016625 


3,125 


128 


.0078125 


1.5625 


256 


.00390625 


.76125 


512 


.001953125 


.390625 


1024 


.0009765625 


.1953125 


2048 


.00048828125 



• Frequency Span/400 



The size of a time record is inversely proportional to the frequency span. So for smaller 
spans, th( analyzer needs a longer time record and therefore takes longer to make a 
meMurement. For larger spans, the analyzer needs a shorter time record and can therefore 
make a measurement much faster. These differences will become noticeable as you start 
making measurements. This characteristic is a natural part of the FFT process and is 
common to all FFT analyzers, not just the HP 36660A. By the way, swept-tuned analyzers 

have similar limitations (and are, in fact, much slower than FFT analyzers for comparable 
measurements). i uic 








Measurement Bastes 



A dB Scale for the Y-Axls 



Time-domain displays usually have a linear y-ails and a linear x-axIs (think of an 
oscilloscope), However, frequency-domain displays must often use a logarithmic y-oxls scale 
to show ^mall signals \^dth large signals. 

Lot's Icok at the spectrum of a sine wave, Because the amplitude of any harmonic is small 
relotlve to thp lUndamentnl frequency, it's nearly impossible to view a harmonic on the same 
display as the fundamental unless the y-uxls scolo is logarithmic. So most magnitude 
meps Ji'ljmonts made with dynamic signal analyzers use a logarithmic y-axis scale with units 

S d on decibels (dB); Becouse the dB scale Is by dennitlon logarithmic, there's no need to 
logurithmically-sroced gi’at'cule lines, 

'Vhe dB scale is convenient. It is also the scole you will probably use for most magnitude 
displays — particularly with spectrum or frequency response measurements. 



Small Signals Can Be Measured with o Logarithmic Amplitude Scale. 



0 

-20 

« 

60 

-W 



(a) Linear Amplitude Scale (b) Logarithmic Amptitiade Scale 
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lv|Gasiiron)ont Basics 



A Logarithmic Scale for the X-Axis 



Sometimes It^s convenient to use a logarithmic x-axis. Perhaps most familiar to you Is the 
frequency response measurement, This is traditionally displayed with a log x-oxis 
(frequency) versus a logy-axis (relative magnitude). 
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But most measurements do not require a logoi’lthmic, frequency scale. In fact, when making 
spectrum measurements it's easier to characterize harmonics with a linear x-axis scale since 
harmonics that are multiples of the same fundamental will appear at evenly-spaced intervals, 

Here’s what else you should know: 

• The analyzer’s frequency resolution is determined exclusively by the width of the 
span. So for the same span widths, frequency resolution for both linear and log 
scales is Identical — both have a resolution of 401 points per display. The 
logarithmic scale simply displays these points on a logaritljmic x-axis. 

• For baseband measurements (spans that start at 0 Hz) the logarithmic scale 
shows the actual sta.t frequency (the first bin) of the current span - not the 
nominal value of 0 Hz. So if you’re looking at a 61,2 Jdiz frequency span, the first 
frequency shown on the logarithmic scale will be labeled 128 Hz (the analyzer 
does not show a value at 0 Hz since the log of 0 is minus infinity). As you would 
for a linear scale, change to smaller span to view lower-frequency components. 
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Moasuremcnt Basics 



Measurement Type 



Changing the analyzer from a spectrum analyzer to a network analyzer (or two-channel 
spectrum analyzer) is easy Simply press < Meas lypo > and select either [ 1 channel 102.4 Wli] or 
[2 CHANNEL 61.2 MU], Ono-channel measurements are spectrum measurements. Two-channel 
mcosuremcnts can be spectrum meosurements with two chonnels or network measurements. 

Use the following matrix to help you select an appropriate measurement. Notice how some 
measurements (such as frequency response) are avollable only when the analyzer is 
operating as a two-channel analyzer. Press < Meas Data > and youMl see a menu listing the 
available measurements. 



Measurement IVpe 



Measurement 


One Channel 


TWO Channel 


Spectrum CHI 


Yes 


Yes 


Spectmm CH2 


No 


Yes 


PSD CHI 


Yes 


Yes 


PSD CH2 


No 


Yes 


Time CHt 


Yes 


Yes 


Time CH2 


No 


Yes 


Frequency Resp. 


No 


Yes 


Coherence 


No 


Yes {average on) 


Cross Spectrum 


No 


Yes 



The measurements are as follows: 

• Spectrum 

• Power Spectral Density (PSD) 

• Time record 

• Frequency Response 

• Coherence 

• Cross Spectrum 
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Trace Type 



Once you've made a measurement there are a number of ways to display the measurement 
data. The measurement data is called a trace. Press < Trace Type > to see the available 
measurement traces. On some dynamic signal analyzers, these trace types ore called 
“coordinate types." 

It 6 important to understand that selecting a measurement and selecting a trace type are two 
different things. When you specify the measurement type, you ore asking the analyzer to 
accjuire input data and process it. When you select a trace type, you ore specifying how you 
wont the processed measurement data displayed. First select a measurement; then specify a 
trace type. 

The logarithmic magnitude display is the most common way to view measurement data. 
However, the other trace types ore also useful and can reveal information not visible from 
the traditional log magnitude display. 

These are the trace types: 

• Linear Magnitude 

• Logarithmic Magnitude 

• Phase 

• Group Delay 

• Real Part 

• Imaginary Part 



3-8 




Moasuromcnt Basics 



Spectrum Measurements 

Softkeys: [BPEcmuM channel i ] and [specthum channel 2 ] 



Linear Spectrum or Power Spectrum? 

The term “spectrum measurement'* Is used to describe several dlfTi? 'it measurements, 
These include linear spectrum, averaged linear spectrum, and po’/>t e^trum. 

A linear spectrum Is the most basic spectrum measurement. This is the FFT of a single time 
record. The analyzer filters the input data (to the desired frequency span) and then 
performs an FFT on a single time record. The resulting display is in the frequency domoin 
and shows the spectral content of the input signal. 

An averaged linear spectrum is a vector-averaged linear spectrum. With vect .r averaging, 
the analyzer overages complex values, point-by-point, in the frequency domain. This lowers 
noise because the real and imaginary components of the random signals ore not in phase and 
therefore cancel each other - increasingly so with each average. Frequency com ponents 
that ore periodic do not cancel and therefore do not diminish with successive averages. 

Vector averaging produces results similar to time averaging (a feature found on many FFT 
analyzers). You’ll learn more about vector averaging In Chapter 4, “Mora Basics." 

A power spectrum is an rms-averaged linear spectrum. The analyzer filters the input data 
(to the desired frequency span). It then performs an FFT on each time record, and 
multiplies each resulting linear spectrum by its complex conjugate The final results are rms 
averaged to a single spectrum — the power spectrum. 

Should I use Linear Spectrum or Power Spectrum? 

Use linear spectrum measurements (both single and averaged) if you need single-channel 
phase information. Additionally, use averaged linear spectrum measurements when you 
want to reduce noise as much as possible. With enough averages, linear spectrum 
measurements have noise levels approaching zero, limited only by the dynamic range 
of the analyzer. 

Use power spectrum measurements if you’re interested in rms values of frequency 
components and noise. Since the power spectrum does not reduce noise but simply provides 
a good approximation of the actual noise levels it’s an ideal measurement for characterizing 
the performance of many electronic aevices - particularly for audio-frequency and 
communications applications. 
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Spectrum Measurements (continued) 



Linear Spectrum for Single-channel Phase Information 

The linear spectrum can reveal single-channel phase relationships. We’ll see why this is 
usellil in a moment. But first, let’s discuss single-channel phase. 

VVhen we talk about phase, we usually associate it with two-channol measurements (such os 
frequency response). T-'ot’s because in the traditional sense, phase is used to indicate time 
relationships between two signals - usually Input and o..tput — measured nt the device 
under test. This produces a phase trace shovdng relative phase differences between the two 
signals at every point in the selected frequency span. And the HP 36660A con, of course 
make this type of measurement. But there’.s also single-channel phase. 

Instead of using phase to show time rolotionships between frequency components of two 
signals, we can use phase to show time relationships between individual frequency 
components of one signal and a ftrerf time reference (an external trigger signal). This is 
useful when you re trying to determine the relative phase of a particular component with 
respect to other frequency components - a situation common to vibration meosurements. 

»«®“®“*-ements will not yield meaningful phase information unless 
you ve met these conditions: 

• T}ie input signal is periodic. In other words, the input signal must repeat 
continuously. This is not a problem for rotating machinery measurements, since 
-he measured signal (the machine’s “frequency signature") repents with each 
rotation. 

• The analyzer has a trigger signal with a fixed relation to the input signal. For 
rotating machinery measurements, you’ll need to provide an external trigger 
signa from a tachometer, proximity probe, or other device. A reliable trigger 
Bipiol IS important, since phase is measured relative to the trigger occurrence. 

he trigger si^al is at the beginning of the time record (unless you’ve selected a 
pre- or post-trigger delay) but the actual timing is not critical as long ns the 
trigger is consistent. ^ 



Linear Spectrum for Lower Noise Levels 

Averaged linear spectrum measurements are sometimes used because they have better 
signal-to-noise ratios than power (rms) spectrum measurements. This is because linear 
spectrum measurements use vector averaging instead of rms averaging. With enough vector 
averages, the input noise level approaches zero - limited only by the analyzer’s^S^mTc 

f-kl are not just for mechanical measurements. You can also 

take advantage of their better signal-to-noise ratios for electrical meosurements. If the innut 

many linear spectruin tneasuroments require an external trigger, you can also use input ^ 
triggering provided the input waveform will trigger the analyzer consistently. 
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Spectrum Measurements (continued) 

Power Spectrum to Find RMS Average 

Power opectrum mcosaromentii show rma values for frequency components (and noise) of the 
input signal. This Is the most common measurement used for anolyzing the spectrum of 
audio-frequency devices and communicotions equipment. 

Power spectrum measurement do not contain any phase information, This information is 
lost during the transition from linear spectrum to power spectrum. But most meosurements 
thot call for rms power do not require phase informotlon. 

Let’s look ot an example. You can look at the power spectrum of an oscillator to determine 
rms values for the fundamental frequency and harmonics -- meosured in relotlve terms 
(such as dB) or absolute levels (such ns dBm). You can then use the onolyzer’s marker 
functions to measure noise and harmonic distortion. 

Remember, rms averaging does not eliminote noise. It simply produces a statistical average 
of the input signal Including noise. Additional averages provide o better statistical average, 
but will not actually reduce noise. 

With rms nveroging, the magnitude of individual frequencies also includes noise. So for very 
small signals, noise can add significantly to that component’s magnitude. Il you want to 
reduce that noise, you’ll have to use lineor averaging Instead of power averaging — but 
remember that magnitude values will no longer be rms values. 

We’ll learn mere about averoging in the next chopter. 
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PSD (Pow er SpectraiJDensity) Meas uremen ts 



Softkeys: [ pso channel t ] and [ pso oiw^hel 2 1 



Whet (s PSD? 

I I ; I 

PSD (Power Spectral Density) is similar to the power spectrum measurement, but the 
analyzer normalizes each con.'ponent of the power spectrum to produce a display with values 
normalized to 1 Hz, Think of it this way — if you place the marker at a particular frequency, 
the marker value will show a value that approximates the power within a 1 Hz band centered 
at the tHdvker value,. This is true regardless of the fretjucncy span you Ve selected* 

PSD is sometimes called “noise density" or “spectral density," but the full name is “nowor 
spectral density." ^ 



Why Use It? 

The magnitude of a measurement of white noise is proportional to the bandwidth the 
analyzer uses. So to make comparative noise measurements, the anolyzer must use the same 
bandwidth to examine energy throughout the entire frequency span of interest. That’s why 
FbD IS so useful, since it uses a standard analysis bandwidth of 1 Hz. 



Why Normalize to a 1 Hz Bandwidth? 

Troditionally, swept-tuned analyzers used a tunable filter with a 1 Hz wide filter to produce a 
display with a resolution of 1 Hz. After a while, power spectrum measurements with a 1 Hz 
bandwidth became an industry standard. 

However, FFT analyzers do not use tunable filters. In fact, the bandwidth at each frequency 
point vanes with the frequency span ond the window you’ve selected. So to simulate a 1 Hz 
frequency point (401 points per display), the analyzer uses an algorithm 
that dmdes by the square root of the actual bandwidth. The algorithm also corrects for the 
type of window you re using. 

Noise measurements made using PSD will approximate actual 1 Hz bandwidth 
measurements only if the noise is Gaussian (white noise). 
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PSD Measurements (conttnued) 



What Do I Measure with PSD? 

For electrical measurements, PSD can bo used to moke stundardizod noise measurements. 
For example, you con measure sinnol to the PSD of a typical point on the noise door. This 
method yields a better apparent signal-to-noise ratio than referencing the tost signal to 
wide-hand noise, but may be preferable in cases where you want repeatable noise 
measurements referenced to a common standard. 

PSD is also used to look at phase noise of high-frequency oscillators (such os microwave and 
radar) after these signals are mixed with a reference oscillator to bring the spectral 
components within the analyzer’s range. 

For mechanical measurements, PSD is routinely used to measure the energy of noise or other 
spectral components. The standard 1 FIz bandwidth allows meaningful comparison to 
measurements made with other analyzers (not necessarily FFT analyzers). 
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I 



Time Record Measurements 



Softkeysr L iiME CHANNEL \ ] and IlHME channel 2] 

Time record displays appear in the time domain — that*6 why they look like oscilloscope 
traces. A time record is the amount of time-domain data the analy 7 er needs to perform one 
FFT operation. The time record and its FFT are the bosic “building bloclts” the analyzer 
needs for all subsequent measurements. 

I 

Time records are not calibrated, so they display only an approximate amplitude volue. 

Still, time records are very usetlil. They show input data before the analyzer does any 
FFT processing. ! 

Here's what you should know about Input records: 

• If you set the instrument to measure full span, the time record is called an “input 
time record." This <s raw, unFiltered input data - the signal from which all 
subsequent measurements are based. Use the input time record to verify that 
there is indeed a signal. Additionally, you can use the time record when manually 
setting the input range. 

• If you set the instrument to measure a specific bandwidth (something less than 
full span), the time record shows the raw input data after filtering. This lets you 
see if there's energy within the selected span. 

• If the analyzer Is maWng averaged measurements, the most recent time record 
added to the average is the one displayed. The analyzer does not show a time 
waveform that is a cumulative average, since all averaging is done after the time 
data has been transformed to the frequency domain. 

For zoomed time record displays (start frequency not equal to zero), the displayed 
amplitude is approximately one-half the actual amplitude. 

• Although the time record is similar to an oscilloscope display, the analyzer is not a 
digital oscilloscope. The time record represents samples of a waveform. The 
samples have enough information to accurately reconstruct the input signd - 
but the human eye may not properly perform the reconstruction. In fact, for 
frequencies that are higher than about 10% of the frequency span, there will be 
noticeable visible distortion, However, in no way does this affect the accuracy of 
the measurement made from the time record. 








Time Record of 1 kHz Sine Wave (102.4 kHz Span) 



'Hme Record of 1 kHz Sine Wave (3.2 kHz Span) 
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Frequency Response Measurements 

Softkey: [FREQUENCY RESPONSE J 

Frequency response is one of the most useful measurements tl:at two-channel analyzers 
perform. Frequency response shows how a system (a “network”) will respond to a particular 
input. The network might be electrical (a filter, for example) or mechanical (a model 
airplane in a wind tunnel). 

Frequency response measurements show the ratio of the input stimulus to the measured 
output. A flat response means the network responds equally to all input frequencies (a truly 
linear device). You can also view the phase of a frequency response measurement - to look 
at phase shift or phase accuracy rf the network. Naturally, frequency response 
measurements are displayed in the frequency domain. 

Traditionally, most analyzers made frequen'y response measurements by calculating the 
ratio between the network’s output linear spectrum to its input linear spectrum. However, 
analyzers such as the HP 36660A calculate frequency response difiereiuly — by measuring 
the ratio of the cross spectrum to the inpu; (channel 1) power spectrum. This method is 
more accurate, but a bit harder to understand. It’s a good idea to understand the cross 
spectrum measurement, as both frequency response and coherence measurements are 
derived from cross spectrum calculations. 

Measuring frequency response by calculating the ratio of cross spectrum to the input power 
spectrum provides a better statistical estimate of true frequency response. Here’s why: 

• Anomalies in the input signal are minimized, because the analyzer measures an 
averaged input signal — the power spectrum (an rms averaged linear spectrum). 

• Measuring the cross spectrum instead of the linear output spectrum minim zes 
non-coherent (spurious) information that may be present in the network under 
test. In fact, measuring frequency response this way produces a useful by-product 
— coherence. See “Cohere.ice Measurements." 

• No trigger is required for averaging frequency response measurements (unlike 
the traditional method). 
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Coherence Measurements 



Softkey: [coherence] 

Coherence is derived from a series of averaged frequency response measurements — the 
more averages, the better the coherence measurement (you’ll need to take at least five to 
ton averages to get good results). 

The coherence display appeors in the frequency domain. It shows the portion of the output 
power spectrum actually caused by an input signal - sort of an "integrity check," 

Coherence values have no units, but are measured with simple linear scale (from 0.0 to 1.0). 
A coherence value of 1.0 (perfect coherence) means that all power at the output was caused 
by the input signal. A value of 0.0 (no coherence — an extreme case) means that none of the 
power at the output was caused by the input signal. Most coherence values are between 
those extremes. 

Poor coherence can be caused by many things. Possible sources of poor coherence are 
leakage errors (see "windowing” in chopter 4), poor signul-to-noise ratios (perhaps caused by 
improper range settings), non-linearities in the device under test, and extraneous noise. 
Coherence is a complex measurement and should be used and interpreted with great care. 

Coherence and frequency response measurements are often used together. After averaging 
several frequency response measurements, you can use the coherence display to find places 
along the output power spectrum where the measurement data may be questionable — in 
other words, places with poor coherence. 

Ideally, of course, a network under test — electronic or mecharical — should exhibit perfect 
coherence. That is, the only stimulus to Uie network is what you apply and the only 
response is that caused by this controlled stimulus. But in many cases, it’s just not possible 
to completely isolate the network from noise, interference, or other anomalies. Here are 
some examples; 

• For electronic measurements, coherence is used to identify frequency components 
that cannot be removed from the device under test. For example, when 
measuring the frequency response of a switching power supply with a very large 
component at the switching frequt ney, 

• For mechanical measurements, coherence is used to minimize measurement error 
from external sources. For example, when measuring the frequency response of a 
certain machine component, coherence (used carefully) can help isolate frequency 
components originating from nearby machinery — especially important when 
nearby machinery cannot be turned off. 

If the spurious signal is common to both channels, the coherence measurement will not flag 
the problcnu This can occur with 60 Hr powt-r lino components, for example. 



MeasuremQnt Basic 



Cross Spectrum Measurements 



Softkey: [cross spectrum ] 

Cross spectrum measurements ore an Intimate part of both frequency response and 
coherence measurements. In fact, the analyzer calculates cross spectrum (but doesn't 
display it) to derive both frequency response ond coherence measurements. Like frequency 
response and coherence measurements, cross spectrum is a two-channel measurement. 

Cross spectrum measurements are not used as often as other measurements. For most 
applications, cross spectrum (used without other measurements) is rarely used. 

What Does it Show? 

Cross spectrum (sometimes called “cross power spectrum”) is a measure of the mutual power 
between two signals at each point in the current frequency span. Cross spectrum 
measurements reveal both phase and magnitude information. 

The phase display of the cross spectrum meosuroment shows the relative phase - at each 
frequency - between two signals. Because the phase relationship is relative, you can make 
cross spectrum measuremonts without using o synchronized trigger. 

The magnitude display of the cross spectrum measurement is the product of the magnitudes 
of the two signals. If both signals have a large magnitude, the cross product will be large — 
if both are small, the cross product will be small. This makes cross spectrum a sensitive tool 
for isolating major signals common to both signals. 

Why Use It? 

You can use cross spectrum to analyze phase relationships between signals. These might bo 
caused by time delays in a system, propagation delays, or multiple signal paths between 
source and destination. 

You can ajso use the cross spectrum measurement to calculate acoust c intensity. Acoustic 
intensity is a vector quantity that indicates the direction and magnitude of sound 
propagation at a point in space. It is proportional to the imaginary part of the cros.s 
spectrum measurement between two closely spaced microphones in the sound field. 

Cross spectrum measurements do not necessarily reveal causal relationships. For example, if 
you’re using the analyzer to measure a network, the cross spectrum may show signals at the 
output (channel 2) not caused by the input (channel 1). The coherence measurement is a 
much better indicator of causality. 
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Linear Magnitude Trace 



Softkey: [linear magnitdde] 

The linear magnitude trace typo sho\vs the magnitude of the measurement defined for the 
active trace on a linear y>axis scale. 

Here are some characteristics of the linear magnitude trace: 

• For frequency-domain measurements, frequency is the x-axis. 

• For time -domain measurements (time records), time is the x-axis. 

• For linear magnitude displays, all points on the y-axis have a linear relationship 
(re^rdless of the vertical unit you've selected). Usually, it's more convenient to 
assign a linear unit (such as V or Vrms) as the vertical unit on linear magnitude 
displays. But even if you select a logarithmic unit (such as dBVrms or dBm), the 
spacing between points on the y-axis still remains linear. 
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Logarithmic Magnitude Trace 



Softkey: [ log macniiode ] 

The logarithmic magnitude trace typo shows the magnitude of the measurement defined for 
the active trace on a logarithmic y-axis scale. 

Here are some characteristics of the logarithmic magnitude trace: 

• For frequency-domain measurements, frequency is the x-axis. 

• For time-domain measurements (time records), time is the x-axis. 

• For logarithmic magnitude displays, all pomts on the y-axis have a logarithmic 
relationship (regardless of the vertical unit you’ve selected). Usually, it’s more 
convenient to assign a logarithmic unit (such ns dBVrms or dBm) os the vertical 
unit on logarithmic magnitude displays. But even if you select a linear unit 
(such os V or Vrms), the spacing between points on the y-axis still remains 
logarithmic. 
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Phase Trace 



Softkey: [phase] 

The pljose trace type sIjows the phase of the measurement defined for the active trace. 

Here are some characteristics of the phase trace: 

• Frequency is the x-axis. 

• Phase is the y-axis, displayed in degrees or radians. Unless you specify otherwise, 
the analyzer will scale the y-axis at ± 180 ”, 

• Unwrapping begins to occur for scaling greater than 46 '' per division. To change 
the vertical units per division, use the < Scale > hardkey and its associated softkeys. 

• Phase accuracy is reduced for signal levels that are low relative to the full scale 
input range. 
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Group Delay Trace 



Softkeyr [cnoup DELAV] 

The group delay trace type shows the group delay for the measurement defined for the active 
trace. Group delay is related to phase, but shows phase delays In time (seconds, milliseconds, 
or microseconds) rather than degrees of phase shift. 

Group delay Is actually the derivative of phase (the slope) with respect to frequency. The 
analyzer uses a smoothing aperture to define the resolution of the group delay display — you 
can change the resolution by selecting different apertures. Larger apertures have more of a 
smoothing effect than smaller ones. %u can select the following smoothing aperturest 

• 0.6% of span 

• 1% of span 

• 2% of span 

• 4% of span 

• 8% of span 

• 16% of span 

Here are some characteristics of the group delay trace: 

• Time is the y-axis. 

• Group delay is plotted between the frequency points used to make the group delay 
measurement. For example, group delay for 100 Hz can be calculated by 
measuring the change in phase between 90 and 110 Hz. Therefore, no data is 
calculated for the end points of this segment (90 and 110 Hz). If you specified 90 
as the start frequency, the first frequency point with any data will be 100 Hz — 
this means the trace will not extend to the left*hand side of the screen. This is 
more noticeable with larger group delay apertures. 
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Real and imaginary Parts 



Once an input signal is transformed from the time domein to the frequency domain, there 
ore two ways to express values for the frequency components In each bin. One choice is to 
show the magnitude or phase of a component; the other is to show the real port or imaginary 
part of each component. 

Polar Form (Magnitude and Phase), This is the most common way to charocterize a 
frequency component. For example, when you select Log Mag and Phase as trace typos, you 
are looking at magnitude and phase values for each frequency component. The magnitude 
represents the length of a vector and the phase is the angle of the vector, 

Rectangular Form (Real and Imaginary parts). This is a less common way to characterize a 
frequency component. Still, it may be useful for some applications. For example, the 
imaginary part of the cross spectrum is used for acoustic intensity measurements. 




The same frequency component can be expressed as a polar coordinate or a 

rectangular coordinate. 



}-22 



Measurement Basics 



Real Part Trace 



Softkey: [real pare] 

The real part trace type shows the real part of the measurement defined for the active truce. 

Hero ore some characteristics of the real part trace: 

• Frequency (or time) is the x-axis. 

• The real part of the active trace data is on the y-axis. 

• For time record waveforms that are complex (zoomed measurements), the real 
part is scaled to be one-half the value of the waveform shown for real value 
(non-zoomed) time records. 
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Imaginary Part Trace 



Softkey: [imginary pary] 

The Imaginary part trace type shows the imaginary part of the measurement defined for the 
active trace. 

Here are some characteristics of the imaginary part trace: 

• Frequency (or time) is the x-axis, 

• The imaginary part of the active trace data is on the y*axis. 

• If there’s no imaginary data, the waveform will be a flat line, showing 
zero magnitude, 

• For FFT data (all measurements excluding time records), ihe imaginary trace 
represents the imaginary part of the complex FFT data, 

• g)r time waveforms, the imaginary trace represents the imaginary part of the 
Hilbert transform of the real part. For example, a 2 volt (peak) sine wave input in 
zcom mode will appear as a frequency-shifted 2 volt (peak) sine in the real part 
trace, and as a frequency- and phase-shifted 2 volt (peak) sine wave in the 
imaginary part trace. 
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Chapter 4 

More Basics 



Now that you've completed your first measurement and learned about basic measurements 
and trace types, it might be helpful to review some additional measurement basics. 

These include: 

• Setting the input range 

• Windowing 

• Averaging 

• Overlap processing 

• Real-time bandwidth 
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Setting the Input Range 



To make the best measurement possible, you should carefully consider the method you use to 
sot the input range. You can sot the input range automatically (using the autorango feature) 
or you can set the range manually. If you overload the current input range, on “Ovll” or 
“Ovl2 ’ message appears at the top of the analyzer’s screen. If you exceed the onolyzer’s 
maximum range, an “OVLD” messoge also appears at the bottom of the screen. 

Maximum Input Range: 27 dBVrms 

30.01 dBV(peak) 

22.39 Vans 
31.66 V(peak) 

Minimum Input Range: -51 dBVfms 

-47 dBV(peak) 

2.818 mVrms 
3.986 mV(peak) 

The analyzer's Input range extends from -51 dBVrms to +27 dBVrms. 



Setting the Input Range with Autoranging 

Autoranging for the HP 35660A is an “autorange up" feature. This means that when you 
start a measurement, the analyzer sets the input to the most sensitive range, and 

automatically steps through less-sensitive input ranges until the input channel is no loneor 
overloaded. ^ 



If the iriput signal amplitude increases after the rouge is set (enough to overload the input), 
the analyzer will begin stepping through even less-sensitive ranges. Again, this stops when 
the input IS no longer overloaded. 

If the input signal amplitude decreases, the analyzer will ri?t change to a different ranee. 
The input range will remain at the setting the analyzer found appropriate at the beginning 
of the meosurement. & & 



By the vyay the analyzer does not autorange while averaging - so don’t change the output 
ofyour test device during the averaging procedure. If an over-range condition occurs while 
averaging, an overload message appears but the analyzer does not abort the averaging 



Setting the Range Manually 

You can set the input range manually when you want to maintain a specific input range 
setting. Ideally, the signal peak should fall in the upper half of the currently-selected 
input range. 

If you set the input range too low (more sensitive than necessary), the analyzer’s input 
circuitry will introduce distortion into the measurement. But if you set the input range too 
high (less sensitive than necessaiy), the resulting loss of dynamic range will introduce 
additional noise - in some cases, the increase in the noise floor may even obscure low-level 
Irequency components. 
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Windowing 



A “window” Is a time-domain weighting function applied to the input signal — essentially, a 
way to filter out signals that are not periodic (and therefore spurious) within the input time 
record. Depending on the window, the analyzer attenuates certain parts of the input time 
record, to prevent “leakage” — a smearing of energy across the frequency spectrum, coused 
by transforming signals that are not periodic within the time record. 

To learn more about leakage and windowing, see Hewlett-Packard Application Note 243 
(available from your local HP Sales/Service Office). 

Here are the windowing functions available with the HP 36660A: 

* Hanning 
•Flat Top 

* Uniform 

* Force 

* Exponential 
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The HP 3Q660A functions as if the input signal were applied to a parallel bank of 401 
narrow-band filters. The drawings here show the frequency-domain response of a single 
filter when using Uniform, Hanning, or Flat Top windows. ^ 

The left side of each drawing lepresents the center of each filter. Since the filters are 
sjrmmetncal, only the right side is shown (the left side is a mirror image). The horizontal 
axis shows the frequency offset from the center of the filter, in units of Af - or in other 
words, the number of frequency bins away from the one where the filter is centered. 

Think of each drawing as a template. If you position a sine frequency at the exact center of 
the fi ter, more of the sine wave's energy will show up at the ce '.ter bin. Some of the energy 
will also show up in other bins. The amount of energy that spills into adjacent bins depend 
cm fyP®^wmd^ you use. Notice how the Hanning window provides better frequency 
vwS the Hann^^^^ window - you can see how less energy spills into nearby bins 
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The Hanning Window 

The Hanning window {someiimeG called the Hann or Random window' attenuates the input 
signal at both ends of the time record, This forces the sl^al to appear periodic. The 
disadvantage of the Hanning window is some amplitude inaccuracy for sinusoidal signals 
(from 0 to minus 1,6 dB) compared to the Flat Top window. But its advantage is greater 
frequency resolution. 

Here’s what else you should know: 

• The Hanning window is the most commonly-used window, ft is particularly 
useful for random noise measurements. 

• When you select the Hanning window, the function is applied to both input 
channels. 
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The Flat Top Window. 

Tho 1 'if. Top window (somotime called o sinusoidnl window) compenoatos for the amplitude 
inaccurocy of the Hanning window. Tho ilat^^r shape of tho Flat Top window oirors grcator 
amplitude accuracy (plus or minus 0.006 dB), But the trade-off is lower frequency 
resolution. 

Here’s what else you should know: 

• The Flat Top window is useful when you must meosure the amplitude of a 
pnrticulor frequency component with great accuracy - for example, when using a 
fixed-sine source. 

• When you seicct the Flat Top window, tho function is applied to both input 
channels. 





Up to OOCB PQ etrcr 
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The Uniform Window 

The Uniform window (somotimes colled o transient window) hos a rectungulur shape that 
weights all parts of the time record equally. In other words, the Uniform window isn't really 
Q window at all. 

Because the Uniform window does not force the signal to oppoar periodic in the time record, 
it is normally used only with functions that are self-windowing, such a tronsients and bursts. 
The Uniform window has an amplitude accuracy uncertainty from 0 to minus 4.0 dB. 

Hero's what else you should know: 

* For best results with the Uniform window, you should use signal sources that are 
periodic — for example, the analyzer's periodic chirp waveform. 

• When you select the Uniform window, the function is applied to both input 
channels. 




Uniform Wind'^.v 
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Force Window 

The Force window passes the first part of the time record and sets the last part to a fixed 
value. You can speclty the width of the window, thus controlling where the fixed level begins. 
The width you specify determines how much of the signal is passed. Note that the width 
must bo narrower than the time record for the force window to have any effect. 

The analyzer calculates the average value of the time record’s remaining data and sets the 
time record to this average level. 

The force window is helpful in impact testing because is removes residual oscillations in 
lightly damped systems. It is often used with the Exponential window (see "Exponential 
Window"). 

Here’s what else you should know: 

• Unlike the other windows, you can apply the force or Exponential window to each 
channel individually. This allows you to mix the windows in measurements using 
both input channels, such as frequency response. This application is most 
commonly used when measuring propertie.- of mechanical structures during 
impact testing. 

• If you apply the Force window to channel 1 and the Exponential window to 
channel 2 , the data for channel 1 is multiplied by both the Force and the 
Exponential windows. 

• if you are using trigger delay and you want to set the force width using the 
marker, remember that the time record starts In negative time for pre-triggering. 

You may have to adjust the window width to allow for this. 
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The Fofce Window 
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Exponential Window 

The Exponential window attenuates the input signal at a decaying exponential rate 
determined by a specified time constant. You can enter a value between 0.1 fiS and 
9.99 X 10® Seconds. 

The Exponential window Is often used In lightly damped systems with frequency responses 
that do not decay within one time record. 

Here’s what else you should know: 

• Generally, the time constant should be set to one-fourth of the time record for the 
window to be effective. 

• This window attenuates the Input signal at a decaying exponential rate 
determined bjf the specified time constant. 

• If you apply the Force window to channel 1 and the Exponential window to 
channel 2, the data for channel 1 Is multiplied by both the Force and the 
Exponential windows. 




The E>pofientral Window 




The Combined Force and E>ponenlia] Windows 
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Type of Averaging 

Although we Introduced rms end vector averaging in the previous chapter, we will review 
thes3 briefly and introduce some additional ways to moke averaged measurements, 

The HP 36660A has these types of averaging; 

• Stable (normal) rms averaging 

• Stable (normal) vector averaging 

• Exponentiol averaging (either rms or vector) 

• Peak hold averaging 

• Fast averaging 



RMS Averaging 

To review, rms (power) averaging does not eliminate noise - it simply produces an 
approximation of the actual noise level. Increoslng the number of rms averages provides a 
better statistical approximation of the noise, but will not actually reduce the noise, 



Vector Averaging 

With vector averaging, the analyzer averages complex values, point-by*point, in the 
frequency domain. This lowers noise because the real and imaginary components of the 
rQtidoni signals arc not in phase and therefore cancel each other — increasingly so with each 
ayerago. Frequency components that are periodic do not cancel and therefore do not 
diminish with successive averages. 

For mechanical applications, vector averaging is often used during vibration measurements 
to resolve low-level frequency components from background noise. 

Vector averaging produces results similar to time averaging^ a feature found on many FFT 
analyzers (time averaging means that the analyzer averages all time records first, then 
performs a s ingle FFT on an averaged time record). Vector averaging accomplishes the same 
thing as timo averaging, since the averaged linear spectrum derived from a series of 

vector-averaged linear spectra is equivalent to a single linear spectrum of time-averaaed 
time records. ^ 
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Although measurements made with vector averoging have better signal-to-nolse ratios than 
rms averaging, there are some restrictions: 

• The input signal must be periodic. In other words, the frequency components you 
want to measure must repent with each time record. If these components ore not 
periodic (not in phase with the stort of eoch new time record), their reol and 
imaginary values will cancel and the analyzer will not resolve these components, 

• If you select vector averoging, you'll need to provide a trigger signal — from the 
analyzer’s source or from an external signal. Of course, the analyzer will still 
make a measurement with continuous triggering (no trigger signal), but the 
amplitude of periodic signals will diminish with each successive average (since 
even periodic components have random phase with continuous triggering). 
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Exponential Averaging 

You con select either rms exponential averaging or vector exponential averaging. Both work 
in a similar fashion. The only difference is thot for vector exponentiai averaging, you’ll need 
to provide a trigger signal. 

Unlike stable (normal) averaging, exponential averaging weights now data more than old 
data. This is useful for tracking data that changes over time. 

When using exponential averaging, the number of averages you select determines the 
weighting of old versus new data — not the total number of averages calculated. As the 
number of averages increases, new data is weighted less. 

With exponential averoging, it’s especially important to sot the number of averages carefully 
— if there are too few averages in the measurement, the averoging will not smooth out 
variances. But if there are too many averages, the analyzer may not track subtle changes 
occurring within the data. 

To calculate the exponential average, the onalyzer uses this formula: 
{[(l/N)x(new))+[((N-l)/N)x(old)]}, where N is a weighting factor (the number of averages 
you’ve specified). 

When starting an exponential average, the analyzer sots N equal to 1 for the first analysis, 
then sots N equal to 2 for the second analysis, and so on - until N equals the number of 
averages you've specified. 

Here's what else you should know: 

• Once you start a measurement using exponential averaging, the measurement 
continues indefinitely. To stop the average, you must pause the measurement. 

This is different than stable averaging — stable averaging stops automatically 
after the specified number of averages ore completed, 

• For the first few averages, there’s little difference between exponential averaging 
and stable averaging. 
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Peak-hold Averaging 

When i’ou request the peak-hold fbnctlon, the analjfzer will take data continuously, until you 
tell It to stop. The analyzer will compare eoch data point olong the measured frequency span 
with the previous values. Only the largest values for each frequency bin will bo saved. 

( 

Technically, peak-hold averaging is not really a type of averaging, since the results are not 
mathematically averaged. But it’s still considered a type of averaging because It combines 
the results of several measurements into one final measurement result. 

Here's what else you should know: 

• With the peak-hold function, the analyzer mathematically compares each data 
point to its previous peak value. If the data point is larger than its last peak 
value, the new value is used, This is not the same thing ns peak-holding the 
displayed trace. 

• The peak-hold function works only with spectrum measurements, power spectral 
density (PSD) measurements, or time records. 

Fast Averaging 

Fast averaging is not a type of average. Rather, it’s simply a way to have the analyzer make 
averaged measurements without having to update the screen after each average. You can use 
fast averaging with any type of averaging (rms, vector, rms and vector exponential, and 
peak-hold averaging). 

You can specify the number of averages between screen updates for the fast average mode. If 
you enter an update rate of 6, for example, the analyzer will update the screen after every 
five averages. The update rate is important, since the number you select will aftect the speed 
of the fast average (you can select values between 1 and 99,999). 

By the way, fast averaging must be on to achieve maximum real-time bandwidths. See 
“Real-Time Bandwidth” later in this chapter. 
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Overlap Processing 



As the span you select decreases^ the corresponding time record length Increases (see 
“Measurement Speed vs. Time Record Len^h” in Chapter 3, “Measurement Basics**), At 
some point, the time record length and the amount of time the analyzer needs to process 
each record are equal. If you continue to increase the record length, the FFT processor sits 
idle after processing the time record (while waiting for the next record to fill). Bwt overlap 
processing allows you to overlap time records and compute the FFT from both previous and 
current time records. 

Overlap processing offers several advantages. First of all, it lets you make a faster 
me^urement (particularly with narrow spans). Overlap processing also reduces statistical 
variance caused by windowing. For a detailed discussion of overlap processing and real-time 
bandwidth, see Hewlett-Packard Application Note 243 (available from your local 
HP Sales.^ervice Office), 

Overlap processing is set in the < Average > menu. To specify the amount of overlap you 
want, use the [ OVERLAP% ] softkey. You can enter any value from 0 to 99%, in 1% increments. 



Here's what else you should know: 

• Overlap is not used if you're making triggered measurements. The analyzer must 
be in the continuous trigger mode. 

• The amount of overlap possible varies with the frequency span. For wide spans 
(with short time records), little or no overlap is possible — the time record is 
small compared to the time it takes the analyzer to process the time record. For 
narrow spans (with long time records), considerable overlap is possible — the 
time record Is long compared to the time it takes the analyze** to process the time 
record. 

• The analyzer does not indicate the actual overlap percentage used. For example, 
if you specify an overlap of 90%, the analyzer wHl accept this value but may not 
actually use a 90% overlap if this is incompatible with the current frequency span. 

• The analyzer will treat the overlap percentage as the maximum allowed. The 
actual overlap used depends on the current ftequency span, the cype of average 
selected, and how busy the analyzer is servicing the HP-IB and marker functions 
and key presses. The overlap percentage can change from time record to time 
record, but will always be less than or equal to the specified overlap percentage. 

If the analyzer indicates that the current measurement is in real time and the 
overlap percentage falls below 0%, the RFAL TIME status message will be 
removed (if you're averaging and this occurs, no attempt will be made to re-enter 
real time until you start the average again - if averaging is off, real time 
processing will resume as soon as possible). 

s: 
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Real-Time Bandwidth 



Overlap processing is easy to understand If you relate it to reaUtime bnnd\vidth (RTBW), 
Real-time bandwidth is a specification used to characterize the performance of on FFT 
analyzer. The real-time bandwidth Is the frequency span at which the FFT processing time 
equals the time record length - this means all input data is Included In the average (in other 
words, there Is no gap between the end of one time record and the beginning of the next). 
However, if you increase the span past the real-time bandwidth, the record length becomes 
shorter than the FFT processing time. Time records are no longer contiguous, and some 
input data Is missed. Therefore, you can overlap records only when measuring below the 
real-time bandwidth, because the time record length must be longer than the FFT processing 
time to achlcvfe any overlap. 

The actual real-time bandwidth achieved varies with the amount of processing time the 
analyzer needs. As with overlap processing, this depends on the current frequency span, the 
type of average selected, and how busy the analyzer is servicing the HP-IB and marker 
functions and key presses. The following table shows typical real-time bandwidth for the 
HP 36660A: 





One-channel mode 


TVvo-channel mode 


Averaging Off 


800 Hz span 


400 Hz span 


Fast Averaging 


3.2 kHz span 


1.6 kHz span 



Typical Real-Time Bandwldlhs 
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Chapter 5 

Spectral Purity of a Sine Wave 



Task Overview — This chapter steps you through a series of measurements to characterize 
the spectral purity of a sine wave. 

What you will need — gather the following items before starting this task: 

• A connecting coble (BNC male to BNC male) 

What you will measure — you will use the analyzer to do the following: 

• Look for prominent harmonics of the fundamental frequency 

• Measure Total Harmonic Distortion (TFID) 

What you will learn — In this chapter, you will be introduced to the following analyzer 
functions: 

• Viewing a spectrum to reveal a fundamental frequency and its harmonics 

• Setting the proper input range 

• Selecting an appropriate scale 

• Using the absolute marker, the offset marker, and the harmonic distortion marker 



Spectral Purity of a Sine ^Vave 



Measurement Setup 



DYNAMir SIGNAL ANALYZER 




CHAN 1 



^ you step through the following task, you may find that your measurement results difier 
slightly from those shown here. Keep in mind that the tasks are designed to help you learn 
about the analyzer — not to duplicate specific measurement results. 
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1 . If you've already turned on the 
analyzer, press < Preset >. 

If the analyzer Is off, turn It on 
and wait until it warms up and 
calibrates. Then press 
< Preset >. 

2. Connect the analyzer’s source 
to the Channel 1 input. 



3. Press < Source > 

[ SOURCE OH/OFF J 
[FIXED SINE] 

4 Press [SifiE FREQ ENTRY ] 
< 1 > [ kHr I 




1 MQ .' ’.1 



In the; exatieple here,^^y^ lUsIng.the^aridyzer'^^^^ 
Intern^ source as the' test device. Howey^ to tes^^^^ | 



external signal sources designed to pperate Into a ^ 
specific .load {such as an' o^iljator^ 






" L- ■■ ' ;v -; 

. V ^ ‘ «.i* . ' > ' kiVr.’J 

This' turns oh the arialyzer’s Internal source iand '" ' 

■ ' ' ' i\ ' ’ ’V ’- • , , . ■ ’■ J, •> ' A'*'* If • “iC» .. ’-C - 

i >" '1 . V .. ». -> i 

f i,' 



selects the fixed sine waive. 

; , '■ ,i .'ft 



'i-t 



'!'■ .1 



• V i 






‘ --;•>■ --i' ... :’"S- '• : 'iV. 



r; O’ 






This sets the sine frequency to 1 kHz. ' 

■ - ^ •■ i' ' ■ ' ^ - 

• '., i' 'i''' ■'• I i'; .j- 't' ' ■ , j : 






1 

.•Orl-' 



V i 

•■;0 
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6. Prcs3 [level] 

< 2 > [V'-'s] 

6. Press < Input > 

, [channel I AUTOFWt.'GE] 

1 

This makes sure the Input 
1 range is set correctly. 



This sets the lave! of the sine waVe to 2 Vrms. 



Tf)‘e default setting for the Input is, an “QUlorange up* 
feature; “Autorange up" means tl'at when yoLi start ' 



a 

tH 

of 



measurement, the analyzer seti''^)he input to the 
[)st 'sensitive range, i^nd automa'tlcsaily steps 
rough less-sensitive Input rai;iges until the Input 
lannei Is no longer overloaded. You'll see an "Auto- 
Ranging" message in the 'upper left corner of the 
screen!^ ‘ - V ' ’ 



If the Input signal amplitude Increases after the r ange 
is set (enough to overload the Input), the analyzer will 
: ) hegin stepping through even less:sensitlve ranges. 
' Again, this stops wheri the Input Is no longer 
oyericaded. , 

^ '' 

If the input signal amplitude decreases, the analyzer 
does not change to a different range. The Input range 
will remain at the setting the analyzer found 
appropriate at the beginning of the n\easurernent. ' 

If you decrease the output of your tes^ signal during 
the measurement, you'il have to press' '< input > and 
then press [channel 1 AUTORANGE]. v 



1 - ' 
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7. Now look at the analyzer’s 
screen. This Is a display of the 
linear spectrum, 

This display appears In 
frequency domain. 



IMr » k 

« 

• ; 




, . X .k 



SInqe this Is a fgll span (0 to 102.4 kHz), the relatively 
lov^frequency the signal (1 kHz) Is at the extrerhe 
leftof the display. 

Because averaging Is off,' you will see the display j 
, change several limbs e^ch secorid, Each display ' : 
represents one Ff^ of a single time record. , , 

I , ' ' ■ 1- '■ ' I ! 

i , ■ ’ ' ■ ' ■ ' ■ ■■ I i ' \ 



'! ( 



0. Press < Meas Data > 
[ nwe CHWJNEL 1 ] 



You are now viewing each time record as the analyzer 
acquires a new one. 

This Is the time domain representation of the Input 
data - that's why It looks like an oscilloscope trace. 



Notice how the time record jittefs. This Is because 
the analyzer’s trigger Is set to continuous (the' default 
'condition). This means the analyzerwllf process time 
records as quickly as possible, without waiting for any , 

kind of trigger signal. 

Also note how some of the softkeys are 
de-emphaslzed, Th*s means that these menu 
selections are not currently active. For example, 
[meouENCY response] is a two>channel measurement 
,, and Is not available right now because the analyzer 
Is In the single-channel mode. ' 
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9. Press <Tflgoc'> 

[ CHANNEL \ TniOOEn J 



> t » tlUf.' c » 

W( ««•! 

J i I * 'H » »» 



/ \ A ' ' /" 

' W W w 1 

' r t » 



1 0. Press < Meas Data > 



[ SPECtnUM CHANNEL I ) 






Notice how, (lie bjecomes stable, With 

Input triggering (when ready) does hot 

begin avnew me^QUrem^^ signal 

reaches the preofebrfnlned trigger level. ! 



f;-' 

i- V ■ ■ ■ (■:- \ 

- ;/;'V 



; The trigger level ranges from ;M(W^ | 

i Input range (don’t confuse this with the' veillcal un ’ 
i shown on the curi^nt display); The^^^^ . ; 

d%Wlthaposlilveplope “ this niearis the ! 

! : will trIoger When 'the Input signal crosses zero as the * 

; slgnalmovesfroni negative to positive.' ' ’ 

' ' - y " . . A \ . ' ■ { ■ I ’ "A ' \\ A,.'. - ' 

I For now, it’s hot 'Important to understand everything ^ 

V about triggering^ - bot^you ^shciuld take^conitort 
. , knowing that rpost of the ' analyzer’s tr^^^^ , - 

* featufes pre similar to those-^^^ on Standard A- 
oscilloscopes,; To learn more about the pnalyzer’s, 
triggering, capabilities, dee the'ftp iseeo/t ; 
Front‘ffanel Referiance, ’ Aa'’ 



'* • ' 1^: ■ r 



This returns you to Ilje frequency domain, v 



1 1 , Press < Freq > 

Press [ 6PAN ] 

Now use the < "{y > hardkby 
to step through several spans. 

1 2. Slop when you reach 1 2.8 kHz 

- If you stop down too fat; 
simply use the < > 

hardkey to go back up to a 
12.0 kHz span. 



The < -^ > apd <> > hardkeys are located In 

the numeric keypad. ' A A; 



^ - -'^AA'A ■a-AA'A ■ A 

A This changes the frequency Span a^^ 

! - at a smaller slice of the frequency spectrum t TpIs | 
A \ gives a better view' of the fundamental and Its , 

. A harmonics, ; ■ ' - ■ ' , -av a- a. / 

' A' ' A. . .A A, ■ •Av .. t 

A- 'A . : A;A, ^ ^ A.^ ,A,A' ; A,. ;A ; 

You can Giso use the numeric keypad to specify a , > 
span (the analyzer takes the nearest acceptable 
. ■ value).' - 'A a : a ^ . A' - 



'A A 

' ? t • 






1 3, Proas < Average > 
[AVERACEON/OfF) 

K-r|r ii»^^ irecFi MU 

S -*»n* » i; t » Ttf ’i.i 



UL.i„l ^ , 

'«<»»«?», • »• j r » e 

’m • l» I I ►'♦IP 



1 3a, If you don’t see any 
harmonics, press < input >. 

[ CHANNEL I RANGE ] 

Then press <-^>twlce. 

1 4. Press < start > 
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’'’’'-.'I’'-,' "! ’■* ■' " -' ; *’»'■/ .■■i-'; ' ■ ^ r *y '''■-'I ■■■' '■ ■■ , T ■ ; 

! ,Note]ho^^^ I'lON’' ' j 

l ! hlghlfghis when'av 0 f 9 gln^^ Is'on^v ‘ ; 

^ ’nierdefaul^ averaging ^nn|;w^ « i 

; averaged this Is tHa typqipf ayera^ you ; ' 

■ Wlii Lisa’’ ' •■' i v'v'r ' i 

I You are:^ow‘ tbiqj<lnp;iE^ 

, spectrum^ ^ 

and;its;'liaiTnqnlw.,' Bej^s^ i 



side , of jthe display; 



• ' 'J ■ > 



|<9 I IQM II]WP|IW^,CU 0 :MI WUWOU 0 | U.lv ( :• 

’ -V ^ • L-'J? «' .J" s' • V 



averaging ^ so don’t; 

: device (In this case,;;^d anaij^w^^ 

during the aVeragtpg prbciedd^ 

condition doeq; occur whiled we^^ , } I 



averaging propediirp;- j , -sy M 









'• ■ .1 



■ V ' ■ '■ ;; ‘fV;: ’ i',"'-'' /•': i 



, Note how another averaged measurement begins. : / ■ '] 
If you press <pause(/Cotrt v^ 



• »*'!'. ■ *. ■’» ij.-,- . ’ ^ I i- J 

.'.tr 1 






■ : .■;. 'A ti 
•*: -1 



'.r 
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1 5. Press < Scole > 



[ VERIICAL/DIV ] 

< 1 > <2 > [dOj. 



* ii »ir»* 



j I tt \ 

f 



< f tk| r jf .r»‘.»n 

^»n>* i; 

tri 

• Ui 






16k Press [auto scale] 



17. Press [vEnncAUDiv] 
< 1 > < 2 > [dOj. 



,1710 display should now look like this. You changed ‘ 



> 800 boin the noiso floor pnd the poak of> lhe 
fundamental. 















- i ■.■ A .'i-r ’ .■■' V.i ■ • . ■ ! 

. , ,r.' I" ., ■ • ' ' : j 









Autoscalitijg moans IheAahalyzer auton|fit|callyy V 

RfitfirtQ ian fl^rrrtPirtflfA nUala fnr rUk'fjnnt IV ‘ 



u’v". v' ■ ■' V ' V VVy/'V.V,:; : : " i 

Altornativoly; you'couldv^avovp V« 

and entered the original sj^aling -i jn this cas^ ■ v l 
10 dB per division. .. ’'.^v‘;:vv''Vv; 



'} ■ ■ V 

' • ^ v‘ 



VviV^V'i'' 



the vertical scale at 12 dB per dMsIon. .,y;M 



1 8. Press [ TOP REfEREHCE J 

Now use the < > and 

< > hardkeys to shift the 

entire display up or down. 



’ Ii 

'i.r+ijn 






. .i ■■ • . •-■?. 



• 1 ' - i K ■ I 
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1 9. Press < Majker > 



t MARKER TO PEAK] 



t »)•£ 

I 



" 1 ? 






'^»Vi 



20. Note the amplitude value 
Indicated by the marker’s 
y-axis position. 



This moves the marker to the largest frequency 
component on the display „{ln this case, the 
fundamental.) i 

The marker you are using Is an absolute marker. That 
is, it' indicates the qbsolute.xraxls and y>exls 
coordinate, Ttjere's also an offset marker but 
you’ll learn about that In a fev.t moments. 



Thq analyzer says that the x-axIs marker value is 
992 ''Hz, ■ ^member, the analyzer’s frequency 
’resolutlbri changes with the frequency span you've 
selected.' For the current span (12.8 kHz), the 
resolution is 32 Hz. Soon you will change to a smaller 
span to get better resolution. 



This shows the absoh'fe amplitude' of the 
fundamental. In this casw, the y-axIs marker value 
Indicates about 6 dBVrms (2 Vrpis), , i 

While absolute amplitude values are useful, re/atfve 
, amplitude Values are’’ more Important \yhen 
characterizing the spectral, ourlty of b. signal source. 



21 , Make sure the marker Is at the 
fundamental frequency. If It 
isn't, press [^wRKEn to peak] 
again. 

Press < Freq > 

[center I 



I Pressing < Marker Valuq > specines the current marker 
value (In this case, the fundamental frequency) as the 
center frequency for the new span that you’ve aboijl 
; to enter. ' 

T^e < Ma^r Value > hard key Is convenient, because It 
' lets you enter numeric values quickly without using 
* the numeric keypad, ^ ^ , 



< Marker Value > 

Don't worry If nothing seems 
to be happening. The 
analyzer is simply waiting to 
start a new average. 



Pressing x MarkerValue > ehters the x-axIs, y-axis, or 
^ both values for the marker’s current position. 

lithe analyzer needs an x-axIs value, pressing 
< Marker Value > enters the x*axls value.' If the analyzer 
needs a y-axIs value, pressing < Marker Value > enters 
the y-axis value. If the analyzer needs both values, 

' pressing < Marker Value > enters both. 
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22. Press [ span ] 

Now use the numeric i<GypDd 
or the < -{y > hardkey to 
specify a too Hz span. 

< start > 



23. Press < Martrer > 
[ MAriKfR to PEAK ] 



CM|ir 

t 










IS. 



H*- iff •{ 



24. Press < Freq > 

[SPAM] 

< 3 > [UU] 

Press t ZERO start ] to start the 
span ate Hz again. 

Press < start > to begin a new 
measurement. 



.1 



' After pressing < start >; you'll. have, to wait a for the i 
' tlrne record to'fill,; But don^^Woj^^ 

; message at^e top of the scre^lndk^^ 






'r 



tv' Another rttessage appeara eyefy jfow moments , | 
^ I Indicating time rent 

- ' . > -^1 ' ' 1 . ' 



! andreheck to’ see jf'lhe.frequency resoluU^^ 

;% lmprowd,.vil's^y j 

i f tb flnlsW tiding ave^ nriarker ' * i 

} ’ .duHng^eav^^^^ , ■ v^ ' 

■ :-V rf' -v V ■ I )’ 

■ r' - ,? ■ i.) i-.':. I . ■ .j? --i .. ‘ ’ 



■5i> f ; V 






I i The mariter now indicates ;,1 kHz^^^ Is' a: better!: 

I ; apprb)dm^ j 



■•: >-■ 



'■y: ■■•"■ .V' ’‘V‘ V 

■ ■- ; r' :/■ • ; 



, r 







•,■ i- ^ .. 






. T.* ': >■ 






■'J.l 









: ' -'liv'; 



• ‘ ■ i 

f’ ! 
t'' I 



• ’ -V 1 

This changes tlie.span, to morase^ 
fumdamentai and the Urlrd harmb® 



.1 

t 






■X ^ 'V 



^w the analyzer’ : , 

. ./lo'ttib;neare^^^ 

acceptable value (S.akH^.-'-vyH!; 

i. :. 'V \ ''/..P, - f P/'P Pv ^ .PP' 



■yy '■ 



■'lV_. V-; ■ 



• /■ . r.A 

/ - . /'■■ ■' '.PAP 
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Spectral Purity of a Sine Wav( 



26, Press < Marker > 



[MAnkER TO peak) 

>r4 

k 4ji »•/ 

I > I M 



Thli ensur&s^^:,^^^^^ Is at the fundamehtal 

fpaquehwi{‘;i I 



I; 






1'. 



1 ' ,v':J 












■• 



y’M 

y : , •' 'j ; ^ ,; 



'■ ' I - 



26. Press [ offset ) 

Press [ OFFSET OH/oFF ] to turn on 
the offset marker. 

[OFFSET zero] 



•,»»►•» ' . t ► I 

X 









' You’ve just turned on the offset marker, and zeroed It 
^ where thernarkerwas. Ybu will use t^^ offsetmarkeT 
' to find' the amplitude and frequency of a harmonic 
• relative to the fundamental. 

; ■■■■ y ^ ■ \:' 

' , Oti) some analyzers, the offset marker Is called a’ 
, 'relative maiW" ! 

r -('yy'yyr..:;/'-, ■ ■ 

: Zeroing the -offset marker at the fundamental 

' frequency establishes the peak of the fundamental as 
a reference polrit for both x-axis end y-axis marker 
, values; As long as thf» offset marker Is on, both 
marker values will Indicated the amount of offset from 
t .the zeroed point (In this case, the peak of the 
fundamental). ' ' \ 

Until you reset the offset marl^r at another point, the 
' zero position renialhs where; you set it, eyen If you 
tutVi the offset marker off and then back on again. But 
thet zero position will be lost If you press 
< Preset > or turn the analyzer off, 
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27. Press the < A > hardkey 
several limes, until the marker 
indicates an offset of 2 kHz. 



ii I 






\ 

iw 



20. Note the frequency value 
Indicated by the offset 
marker's x-axIs position. 



29. Note the amplitude value 
Indicated by the offset 
marker’s y-axis position. 



30. Press [ofrscroN/OFF j 













I This mpves the rnarker to, the third harmonlp. ; ; I' 

■ The < -^ > hardkey Is the unlabeled key shaped ^ 

' ^eni' " 



' Pressing < A > jumps the marker to the next big ^ ■ 
peak to, the; right, Pressing ,< T > k/ similar,. but : 
jumps the marker to, the left; ‘ 

Ybu can also uiw the ; ^ ; i 

mpyo the m^ker; iBut that takes idriger; ■ since the ; 1 
marker steps through each' “bln* at a time. Or you 
could use < > and <, >' > w|th the \ = 

< Fad> hardkey to move the marker faster, ■ * 



y 



-.y-rU 



This value (actu^ly the'offeet fm^^ 
is about 2 kHz. Not surprising, 'since >lh^^ 
harmonic should be offeet kotn.the fundemental byli/J: 
twl'ie the fundamental's' frequency’- 

This value Is about -70 dBVrms, referenced to th^; ;/ 
tandarnentaJ frequency’s amplitude, In other wprdsll^^ 
the third harmoqlc Is about 70 dB betlovv the 
fundamental. v 



Hi' 



■T-* 



(This turns off the offset marker.: Notice how the , 
marker values now reflect the absolute frequency of i 



•Mwell. 



• ‘ .S‘i . ; -‘V • ■ 5| I,. ■ , : . ■ 



.1 



•.-■V' .1 









•i > . .. ! 
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Spectral Purity of a Sine Wave 



31 . Press < Freq > 

[span] 

< 1 > < 2 > tM<r) 

32. Press < Average > 

[NUfMR averages] 

Now use the numeric keypad 
to specify 26 averages. 

(enter) 



i V Before measuririg t^^^ Distortion {THD)^ , 

' let’s change to a I^atway, yo can see 

| r ,more harmonlcs^' , . . . , \ v 



Because the anai^er Is set for rrris averaglng> taking 
more averages produces a bett^ of j 

rmsfyaiues^ ;U averages also proWdes a 

cleaner noise fidon . :-••• ; 



33. Press < Start > 
< Marker > 

{ fAARKER TO PEAK j 



, i • ..» •» . r 

► I * :r^\t 't V* *r* 




\n *''nr>Y V^ 1 



This begins another measurement and moves the 
marker to the fundamental, frequency. ; 

You can use either [marker to peak] or the < ▼ > 

< A > keys to move the marker. 

' . ' ' . ' - V ' 



'i ' 




34. Press < Marker Fctn > 
( HARMONIC I 
( FHDMNTL FREQ ] 

< 1 > [ kH: I 



You havd to specify the fundamental frequency for the 
analyzer to make the distortion calculation. 1 

u ^ 

Once you enter the fundamental frequency, the 
analyzer starts the distortion calculation. The 
distortion results appear at the lower left cpmer of the 
' screen. Our test signal shows about 0.04% TI j J. 1 
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uc Hf* 

% -^nt » •* I • vij .►, 



wh'V 

H! f Ml I 

»U^I i •( 









35, Press [define num harm] 
< I > [enter] 



; Note how, 

^ , hairmon|C;fi^ the" 







J jt6;;Mi6llM0'^ :i 

., i ii ni iiTihor •iho' nhattV»flir neai4 #i^a >TAi^Vitf i a .'a I 






, ara'riacessjary).-:''; '■ ; - '' wV'" '.v '■ ;* ,j/ « | 

■• * '' ' * , ^ ^ . '' ’ * f ’ 

The THp re, suits relief 

current frequer)l^;^an^^ The iiumfeet^ harrnonlcrii{^ 

liAII Aka A ^ ^ . ,1^ &^'*L.''l' All' J I.'.'.' ' .' ' ' kal ' ’ V . .'> 



use In the THD c^ckslatlonr. For;^ 
[DEfWENUMItAflM]^^;^^ 

AmIai k4«%AtAwa ka kill ' A ' ^ II , ^ tL‘ U'T/ ,^'t ’ * '*k' 5 ’ ' »« '‘''■-0.^- -- 



'•] 



of these hartnortlcs "we blit of the range, current ; • 

' ' ' ' ‘^ >^ ' 



, 

rav . 

.■;‘i 



energy theJ^daihentaiJ^^ il^; -1 i 

harrnonl^ji^Nbl^^ai^ qthei|stg^ i 

along the firec|U(Wc^f s^ ’ 

account (unless ■ theyr; happen to ■ pcclir ret" th e ! - 

fdn^mentd freqUehcy’prat j 

, I ^ differenit than 'plderdl^ 

. rAtAA^A^i 4k«A< <• kML^ak'M^ ,^iya'A^I ,1 I 



" any remaltiing energy ^han^ ] 

accurately, harrhonloblstbr^^^^ i;< !• ‘ ' 

■ '-. :V;y--,'r=;X>:-;,^,^;:\KS'.y=yr , :: - ;; 

The run '. m AAAI irAlM AM#' • k« .till < aL.,^ .,..k L. Jlir'- ,* 






Note how the TT^D reading Is lower'^~ j 

because; the; an ajyzer^^ the ‘ 






calculation. 



X'i 



'■f.' 



vM . i- 
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Chapter 6 

Amplifier Noise Level 



Task Overview — This chapter steps you throUt,h a noise measurement for a typical 
audio-frequency amplifier. 

What you will need — gather the following Items before starting this task: 

• Audio-frequency amplifier 

• Feedthrough terminator to match output Impedance of the amplifier 

• Appropriate connecting cables 

What you will measure — In this chapter, you will learn how to make these meosurements: 

• Wide-band noise 

• Power Spectral Density (PSD) to obtain noise values normolized to a 1 Hz 
bandwidth 

• SIgnai-to-nolse ratios using both wide-band noise and PSD 

What you will learn — In this chapter, you will be introduced to the following analyzer 
functions: 

• Viewing a spectrum to reveal noise 

• Usint* the band marker to calculate power within a specific frequency band 

• Using the Power Spectral Density (PSD) measurement 
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Monsuroment Setup 





As you step through the following task, you may find that your measurement results difier 
slightly from those shown here. Keep in mind that the tasks are designed to help you learn 
about the analyzer — not to duplicate specific measurement results. 
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Amplifier Noise Level 



1 . If you'vo already turned on the 
analyzer, press < Preset >. 

If the analyzer Is off, turn It on 
and wait until It warms up 
and calibrates. Then 
press < Preset >. 

2. Connect the analyzer’s source 
to the Input of your test 
amplifier. 

3. Connect the output of the 
amplifier to the analyzer's 
channel 1 Input. 

4. Press < Sou^e > 

[SOURCE onorr] 

[ rlXED SINE ) 



6. Press [sine FREQ ENtRY] 
< 1 > [mu] 



Pressing < Preset > returns most of the analyzer 
settings to the default positions. 



The test devide for this example is a typical 
audio-frequency amplifier. 



To make a nOlse measurement valid for typlcah 
operating conditions, place an appropriate 
terminating resistor ac/o'ss the amplifier’s output. 

This turns on the qnalyzer’s Interrlal source and 
selects the fixeq sine wave. ' 



7nls sets the sine frequency 1 kHz. 



6. Press [LEVEL] 

< . > < 1 > [Vrms] 



This sets the output of the analyzer’s source to 
0.1 Vrms, 

When making slgnal-to-?oise measurements, you 
should set the output of the analyzer’s source to a 
level that simulates the typical operating conditions . 
' for the amplifier under test. In this example, we used 
lOOmVrms. 

Yjur test amplifier rpay require a different Input level. 
If so, use the numeric keypad to specify a different 
, level for the analyzer’s source. 
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7. Press < input > 
[channel 1 AUTORANOE] 

8. Press < scale > 

[auto scale] 

9. Press [verticalajiv]. 

< 1 > < 2 > [d8] 

10. Press < Average > 

[ NUMBER A’/ERACJES ] 
<2> <5> 

[ENTER] 

[ AVERAGE OH/OfF ] 

1 1 . Press < Freq > 

[span] 

<2> <5> [mu] 









I' --’This autoWuIesihOi'd^^^^ .v. ;■■' ’■■v >. ' . ; ' ' i 

:', i' ' '■''•>.■ ^ '/ 1 ‘ A 

i , W should yfevv ; * 

:^V^ibbth;,t^^^ 4ho peak .of the test i I 

.'.:.fr6QU6nCy«-'. . ./■■■■■■■■■..■;.■■>.■.■■■.■- .' 

pSSI ■ ■: ;!S 

. .In thlseiK^^^^ 

:vs|d!y^onyr^;^ 

,4^ ^corjvenlenL;;Af,x]i;^^^^^ 

V' "‘v-i i!:'t:.c.:' Vr'.'.Or v"'-.--./- » «-. „• : f 



T•■.,.•^•- ''‘V .-S'-. 

^ ‘ t C J ' ’ 



'.;.Nf-* '■ { 



Jhe ^default se^ 



jproyldes'a’b^er^aj^^ 

i- ' noise level.\ I k-- I: ^ ; I 






>■ .» .'.■ X -'■' <•'. •? ■ . "?■■ ■•-•■• I 

':i .%-u 7'>.\" Ac ..'.i 

i.r .' 5.: .-r,-. ;b - ■•■*;;■, ■ >:1 ■ . -r. ' ■,, ^ 

\ '-'i '‘C- ' ’ *' 

T7i^ selects a span of 25.6 kHz:. \ 

: ; ■ f : V. '' I I'-s Sf , i'7 






.'/O ; ‘.I 






'^r.; 



■ A' ;■ Y ' 





AmpllIlQr Nolso LovqI 



0 



1 2. Press < MaAer > 



[MMMRTO PWl 



Note the amplitude value 
Indicated by the marker’s 
y-axis position. 



5 ^- 4 -..' 



1^ • 
!' 




1 3. Press < Source > 
[ SOURCE ON/OFF ] 



1 4. Press < start > 




. > 



This ihovos thd marker to the 1 kHz tost froquehey. 5 : 

:• Write down the, absolute amplitude .of, th^^^^^ 
frequency ^ you Will 7jeec$|t to 
; ' 'siyn^'to-noisem6asut^ementr^^^^^ ^ ^ - 



, ■ ■vr'!.' 



about4 dBVrms, 



1 ' -I 

‘ ’ : 1 . I 



•t ^ ' ■ ■ i .V • • . 

• 



' > 






■,^v 



r‘'> V ^ 1 ■ 



J )> 









■1 .r)i. 



M -I 



i. 



This turns off the test signal.- , 



I 1 



I;, / ‘ 



r .t 



) \y'. 



This starts another measurement ~ bdt this time, 
without the 1 kHz test sIgn'iJr '*''''' 






■n) 






n 





6-5 




Ampllfior Nolso Level 



16. Press < MaiKer Fctn > 
[dandJ 

[ Dl'FiNE UFT fUEO ] 
<2> <Q> [Hr] 

[ DEFINE RIGHT FHEO ] 
<2> <0> [HUj 
[ RETURN I 



This turns on Iho bani marker and defines the loft 
eoge of the band at 20 Hz and the right edge at ' 

20 kHz. The band marker measures the total energy 
within the specllled frequency band. 

l ; ; ' 

One way to measure slgnal-to-nolse Is to compke 
the level of the test signal to the amplifier’s wtde-band, , 
noise. WIdo-band noise Is’usually defined as the total 
rms noise within the amplifier’s 3 dB bandwidth ~ but 
for audio measurements, a standard bandwidth of 
20 Hz to 20 kHz Is often used. In this. example, we 
used this standardized bandwidth because we didn’t 
know the actual 3 dB bimdwldth. ' ' 



16. Note the band marker value In 
the lower left-hand corner of 
the screen. 



*.i t 









<1 



This Is the rms value of the wide-Uand noise. 

■ ■ I ' . ' 

' In this e;iample, the absolute value of the wide-band 
noise is -60 dBVrms. 



wtm 



} 







1 7. Subtract the level of the test 
signal from the wfde-band 
noise. 

Discard the minus sign from 
the final result. 



' > 1 ; : 

This gives you the amplifier’s slg ial-to-nolse ratio. 

In this example, we subtracted 4 dBVrms, or a 
slgnal-to-nolse ratio of 54 dB. 

To be more precise, the test amplifier has a 
slgnal-to-nolse ratio of 64 dB, using a 100 mV; 1 kHz 
test signal referenced to wlde-bahd noise. 

1 ' ' . ' . 



66 



Amplifier Ncfse Level 



18. Press [off] 

1 9. Press < Mess Data > 
[PSD CKWJNEL 1 1 

20. Press < Source > 
[SOURCE ON/OFF] 

21 . Press < start > 

22. Press < Marker > 

[ MARKER TO PEAK ] 

23. Press [offset] 
[offset ON/off] 
[offset zero] 
[return] 



j This turns off the band marker. 



■■ ■ I ;■ , 

This selecb the PSD measurement (Power Spectral 
Density). r .. ;V 

\ ‘ : . :r ' ' 'v 

This again turns on' the analyzer's Internal source. i 

Notice when you turned on the soutwe, the analyzer 
retained the settings you used previously. You don’t 

. have to re*enterthe sine frequency or the output level. 

' ■ \ \ 

' . ) ' • ''' 

This begins another measurement. You may have to 
readjust the vertical scale to see the noise floor. For 
example, 12 dB/dIvIslon. 

This moves tfie marker to the 1 kHz test frequency. 



This turns on the offset marker and zeros It at the test 
frequency. 







I 



. \ 
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24. Press the < ► > until the 
marker moves to a typical 
point on the noise floor, 

Note the amplitude value 
Indicated by the offset 
marker’s y-axis position, 

> >»r ► hyf ,v; 

■ Hr* 

J i«M*r , •*. ■ 4-* •! 

,(? I 

!! 



14><» 
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The offset marker shows the relative' . I 



r\ i- 



arnplltude yaliies are 'ribrniallzed to ; 

' bandwidth. (See Chapter 3, Measurement Basics). ‘ 

'/'I ■ ' 

'y;ln,thl8’"-""'^ ■ ■ ^ 

75 dB. 






previous: rneasurement Indicated a signal-to-nolse f • 
I ’’Iratlb’ of: 64 dB), that’s befcause youvard now/cj ; 
i ; rneasuring the test signal to only ipne .p^^ 
noise floor - holjhe comb^^ 
fr ?quericy band (as yoU ’did : WhenTmeasurIng i 
wlde-band noise). ' .. -i', ! 



Measuring slgnal-to-nolse with PSD uoes' not take 






a 1 j'^z resolution, PSD may be preferable In cases • 
whete' you want standardized, repeatable riblse : ' J 
measurements. ■ ; , .V ' ■’ ;V 






' . a ^ ■> 







Chapter 7 

Characterizing Acoustic Noise 



Task Overview — This chapter steps you through q typical acoustic noise measurement for 
rotating machinery. Although this particu.’ar measurement shows how *^o pinpoint the 
frequency of a rotating fan blade, the principles shown are common tt ^ther acoustic 
measurements. 

What you will need — golher th .oilowing items before starting this task: 

• Microphonr 

• Impedance-matching transformer (if using a low-impedance microphone) 

• Appropriate connecting cables 

What you will measure — In this chapter, you will learn how to make these measurements: 

• Power Spectrum to characterise acoustic noise (in this case, the noise from the 
analyzer’s fan) 



W.'iatyou wilt learn — In this chapter, you will be introduced to tba following analyzer 
functions: 

• Creating a !.;bel for the displayed trace 
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Moosuremont Setup 



DYNAMIC SIGNAL ANALYZER 




through the following tusk, you may find that your measurement re-jults differ 
slightly from those shown here. Keep in mind that the tasks ore designed to help you learn 
about the analyzer — not to duplicate specific measurement results. 



7-2 





Characterizing Acoustic Noise 



1 . If you’ve already turned on the 
analyzer, press < Prewt >. 

If the analyzer Is off, turn It on 
and wait until It warms up 
and calibrates. Then 
press < Preset >. 

2. Connect the microphone to the 
channel 1 input. 



■ ’ ; • T-V. r. = ^ ^ ‘ ■ ■ . 

, PwMtng 'fc Presets returns most 0 analyzer 
settings to the default positions. ■ ' i 



The Im match between the microphone and 

; the arjalyzer ls not critical for this particular 
[ '! ' measurement. 

If you’re using a hlgh-lrripedance microphone, you 
can connect It directly to the analyzer’s Input. 

■ l'- ( ■■ ’ : r ' 

, Butif ycw’re using a low-impedance rnicrophone, you 
rnay haW to use a low-to-high impedance matching 
transformer; ' ■ , 



3, Place the microphone near the 
analyzer's rear panel, at the 
fan exhaust. 

4. Press < tnprjt > 

[ a,.»UNEL ( AUrORANGE f 



ft^ake sure you find a place where the fan noise Is 
loudest. ; ^ . / ' 



This makes sure the Input range, (s set correctly. 

You may have, to autorange several times while 
' setting up this measurement task ~ especially If you i 
handle the microphone roughly or knock it against a 
hard surface. ' . ' 



I \ 



1 \ • 
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Characterizing Acoustic Noise 



6. Press < Freq > 

[ SPAN ] 

<<t><o><o>Hz 

6, Press < Average > 

[AVERAGE OH/OFF ] 

[NUMBER averages] 

Now use the numeric keypad 
to specify 25 averages. 

[ ENTER ] 

7, Press < Scale > 

[auto scale] 




7*4 



8. Press < Marker > 




[ MARKER OH/OFF ] 

[ MARKER TO PEAK ] 

Note the value Indicated by 
the marker’s x-axIs position. 

,1 : 

«:»»' i.L l’^ 

I I *1 »r« 

I VI 




. i 



9. Multiply the fundamental 
frequency by 60. Then divide 
this number by 5 (the number 
of fan blades). 



Characterizing Acoustic Noise 



Characterizing Acoustic Noise 



1 0, Press < Format > 

[TRACE RILE] 

Then use both numeric and 
alpha-shifted keys to enter an 
appropriate trace title. 

[ENTER] 



E * I** ►; 

••I 



rl 



•ra 



'i' A* ^ !' 



\ / 
J I 



' ^ ’S' * t Y " ^ *2f ' ' ■'* ,»’ ^ ’ . ' ■ ‘ ; I • V • V •* ' " ■ ') •» *''■ " . ■ ' ^ 

' vThls lets' youlab^^ - , I 

k’/aipha'I^'w^^ 

T If you ; ^ : 

j\,>"Uppbrcase'(5ri6w^^e!ett^ 

s|®f ^ 

: After pressing [ENTER], Jhe analylzer-airtomatlca^ :i 
i ' re^rns (the' ^ph^ hardkeys to their normal ■ ] 
; functions. /’>••. ' T '’;■■<’• ,- '' j 

' ’ 'V 'K'r' ‘ • : . ' : 

, • , ’ ■ I ‘ 

'cl' '••■■: ,1 ■ I 

,> - i . , • iJ- • . '.! . . ' i 

: : " (\y ■<’ .:•! \ ;•• ' -■ i 

1/. . '• I 

V' - -' ' • / 'i 

r ,’■*;» V* ’ 1. ' » r ' ‘ i *>'*'" ,i‘* i) J ^ , • 1 

*■ , ( /’'"7 i’ ' " ’ ' ’1 ’• ■ ' f 

, ■ ■ ‘-Wl 'A'- ■“.■>►■ i’,' '» • l> '■: '• *11 ' •'•■« * . • ' . T •• • . • ' , 

' .,.'•■.'■■'‘1 ; t ‘ ‘ • I 

;, V i. " . ‘.-.V,-- 'i • r r;-'-i'.. ■• ■. ;? 

s'.' v':l ■■;/■. ■; - :■! ' - 

' Cv' .. / IL;; '■* I*" -f C'.-;'^,c-; *>''c. V*,. ■> ■'■ ’ ,1 . ’ ’. i... I ;'• A' *c’ c- 

' . f( i t ' , 

.• j“.'; ^ ,.- •' 'vV. J}: •* 

, ’’-1 V .. fV ‘ ' ‘ I ''J, 




.: :■ A, ■!'.'.■■■•. -A ■ ■■ - “ -I 

‘A; : ;. ''-.iV- . d>; 'wa--' -I'.. •'. ,i 

^ Ar-..: i 

, . ' • • • ■ . 'i.« *■ f’i ’t} - v.i - .1 - ■'•.'•'«• '•• ••• 

• ' ■■■ ■>■■,:■■>;-■■ ■': ■:< Li.'.;!'':''. :;v :'; .' -i , " ■ ■.'• 

L•''•'V.>;!•;^■..V.‘^>■:.< ;;-r..'i -';;., ■■■,' i ,’i:.'l;''.. '. : \ 
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Chapter 8 

Filter Characterization 



Task Overuieu) - This chapter steps you through a series of measurements to characterize 
the performance of a band-pass filter. 

WJiatyou will need — gather the following items before starting this task: 

• 1 kHz Band-pass filter (individual filter or graphic equalizer) 

• Feedthrough terminator to match output impedance of filter (if necessary) 

• Appropriate connecting cables and ENC “T” adapter 

What you will measure — you will learn how to make these measurements: 

• Frequency response (shape of filter) 

• Resonant and passband frequencies 

• Insertion loss 

• Phase 

What you will learn - In this chapter, you will be introduced to the following analyzer 
functions: 

• Making frequency response measurements 

• Viewing phase information 

• Using different display formats 

• Switching between the linear and logarithmic x-axis 

• Using the marker search feature 
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MouBuremeiit Setup 



DYNAMIC SIGNAL ANALYZER 




As you step through the following task, you may find that your measurement results differ 
slightly from those shown here. Keep in mind that the tasks are designed to help you learn 
about the analyzer — not to duplicate specific measurement results. 
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1 . If you Vo already turned on the 
analyzer, press < Preset >. 



If the analyzer Is off, turn It on 
and wait until It warms up 
and calibrates, Then 
press < Preset >. 



2. Place a BNC “ T" adapter on 
H the channel 1 Input connector. 

H Connect the analyzer’s source 

to one side ot the T" Then 
* connect the other side of the 

!■ “T" to the Input of the filter 




Connect the output of the filter 
to the channel 2 input. If 
necessary, terminate the 
filter’s output. 

3. Press < Meas Type > 

[2 CHANNEL 51 2 kHr ] 



Pressing < Preset > returns most of the analyzer 
settings to the default positions, , 

, i . 



■ ' ' ' ' ' . ' ' / i- jJ ’ . ^ 

To rnake network measurements, tlie analyzer’s 
source is routed to both the Input of the device and ,, 
to the analyzer’s channel 1 1nput. The output of the 
'tesK device Is always connected to channel 2. 

; V ' ' ' , I 

In the example here, the test device has an output 
impedance of 1 0 kQ. So to best characterize the filter, 
you should place a 10 kQ feedthrough terminator on 
Its output. , 



This places the analyzer Into the two-chEuinel mode. 
Now you can make network measurements {or 
two-channel spectrum, measurements) from DC to 
61 .2 kHz. , ' 
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Filter Characterization 



4. Press < Source > 
[ SOURCE OH/ofF ] 
[PtHtODIC chirp] 
[level] 

< 1 > [ Vrms ] 



5. Press < Input > 

t CH^VINEL I AUTORANGE ] 
(channel 2 AUTORANGE] 

6. Press < Trigger > 

[ SOURCE TRIGGER ] 

7. Press < Window > 

[ UNIFORM ] 






This turns on the aiialyzer’slmw 
' the periodic chirp w&veformland sets the output to ' ' 



The periodic' chirp te a siln^^^ 

, current frequency Ip^n iha^ 
period as the time TecpfiJ, ( Be^^ I 

wlihln thetlme'fecdrd, nb vWndbvv^^^ y ; . M 






V'i 



The periodic chirp' can chara^erlze hdri4inearitles 

1- ^ I i* ‘-k .'Vk Ik • 



same' mariner every time record, T and ^el ndnll^ ^ 
distortion averages to Its mean v^ue (^ does not * 
■average to zero):- ' " ’a- -;' - ^ -Nv • 



The periodic chirp Is simIlaV to the analyzer’s raridom i I 
- ' noise Waveform, but thejperlodic’chlr]i> h^^ a much' 
higher rms-to*peak ratio. ; , ^ i 






This makes sure the Input ranges are set cbfrectly^ 









The trigger for this measurement is from the Internal ) 
source! , ' i 

’■ ' ' , : ' -'r' 

since you are using the periodic chirp as the i 
excitation source,' there’s' no need to use a windovy i 
function - the periodic chirp Is periodic within the ; 
time record. ^ ■'' " jv’’ 



Tlie uniform window Is really no window at all, since ' 
It does not attenuate any part of the time record. 
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Rltcr Charade rizEllon 



B 





B 

a 

B ' 



B 





8, Press < Meas Data > 

[FREQUENCY RESPONSE 1 

9. Press < Trace Type > 

[LOG MAGNITUDE] 



1 0, Press < Freq > 

[ SPAN I 

< 3 > [ kHz ] 

1 1 . Press < Scale > 

[auto scaif] 

''■ftek s’h 

rk efc 

J/* *r* 

2 » t • p f , '•* 1 • k ♦. i‘t I tt 





I- a 'aa.^ 0 v'Afi 

; T>i<» frAMiiAn^f rAfiAAneA m AOA^irAmAnf' 




'It’s Importa } 

^Av:differ8ntth!ng?ft'i^r 

i ■,v!f^ess5;<M«^j^ for,;' , 



; j mea^u^eri^^ ,the‘ I6g/'i > 

• . madhHu^eor ohase'dfthe'm^^ j;. 



. This changes the measuremeht frequency ’ span ito. t 

f..-; )'i 1 -'. /i '■'-.■v'. '■.*,•■ v’-''-. !■' ■•.' i . .'< ; I 

r.-Ti v--\7v. f;' •.• - ^ 

- .'.e- bI^ B B a M ' M a<« i» M ‘ W B AL« 0K. *lA tBl-lw MMl'm M i 



.-,V; 



.' ;V' 3;, >r 'V :‘A|''i[.'. ,'.y ; \< 

;As you learned In, Measurement Task 1 i you could | 



j A. u 119 yy^|ipiV|^ui^;V9i iiyui 9vi«viyu ii^y pic9oiMy^ * 

,' lAyros(^llsfine,;^c/' v ’* ’ ' ■> 

V ,.^.V,'..', ;' V -A* VT'l"'' f ‘‘ -i’ 

. A,. 



‘''ii;''-', A; ,, 






- A-;' .- '!,l^; ){ ■ (;J|! ATMi;, vri 

■A r v: 









X;.t •• kyr 

w'/' 



. ‘‘ vSi 4 ^ ^ ' 

. - ^ tu • ' U "f ' 

V - 'I , . > ) *j 'i ' " i' ' ^l' 1 

if lia 



Pi . \ 

f-v’' 









;, / r,:',: : ■; A ';' 'j,; ,.,,y ' 

■■'••..A' ’'I 'lA ' 

; n :Aa: /»7AxA’;v;’' 



. ’.it ^ f'lVif 



• *: /’■; i’ ’A,!.; . A" ■ 



.i;a f| 



: V' -■ ' pi ‘ - ^ :i 



■.)i ■. ■ P. 



5 k p ^ iA 



. If. 



:' .. I 
■f 
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Filler Characterization 



12. Press 



{X AX)S Ufl4.0G) 



Vc Ora lr| 



‘:' ' -Thl« Htehl«ue.m'b 'V-ovfeVtn a l/h/iaft)Knn>A 



!7he ibaeir thm(cvx*^o. 



!:|'f I?® 'Kllpipf $ 

:05 ?!sSk!€i f S: 

’ ' ‘ ■’ ^ " '’ 
' 'i',.-- .' 1 ■' ii •• ' ■■ ■ ' ’■ 

• ':^r ■':’ ''-y >: i ■■{ y^-'y.u'y ^ 



>1 






r. 



1 3. Press < Average > 
[average OH/orr ] 



1 4. Press < Scale > 



[AUTO scale] 



I .! .• 






■ This turns on averaging. 






The default ^Irig^ Is ^ • ! 

adecju^e fbr& hwe to V j 






.:i •; 



This autosr^M again.’ 



i.'. ;.i ■ =l’'- 



,.■ 'VS'. .' '. ' 

r>-i - ^ . .''. ■• 'i : - i ' 












, ' , ,\ ■ i ■ ;,t . : 

y^- ’'^”i '■■ - ‘ r *y.' V ' I :.: *■'' ’ 



W/f'- ' 

t.-y ■ 



-:! , .'I-.: 
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Rlter Charactonzation 



A 





m 



m 




15, Press < MarV:, > 

[MARKER ON/orr) 

[MARKER TO PEAK] 

Note the values indicated by 
the marker’s x-axis and y-axis 
position. 

» •#» *i ; »»i • -t 

V< Nni 

j I i *>:-4 •»/ » k *. * 

4 




16. Press [OFFSET] 
[ OFFSET OH/OFF ] 
[ OFFSET ZERO ] 

[ RETURN ] 



:»♦»!» 

J At* 

A. I (ALE 




X i*F»t» • 

4 




> 



•» !k 

Vi 

• 4 2 fe 



I 

I . 







/ 

I ’ \ 

\, 









,i :fl -■ 



■ the.frequency 'response. 



;.v,, 



|, ■’ of ihe band-p^i fiiterp In exampld, thp resonant 
• ..i,- frequency Is about 1 kHz. ■ .■■''v iV; ' 



A’'* 



1 ' 



filter. The y-axis Value Is about -rl dB, so the filter hi^^ 
an Insertion loss ofcbout IdBi ' ; 




' . ' ' ' ' t *,’i ‘ ■ V ' ' ' 

' ' ■■ ' I ^ n 

‘ ‘ 'u ■ : V ■ 

This turns on the offset marker and zeros It at the 
resonant frequency. / i : ' ^ 



Now you can make measurements relative to the 
resonant frequency. v ^ 



Notice that pressing [ retuf^ ] moves you back to the 
main menu. ' ''■ ' ■• ■ ■■ ■ ' ' /■"' "■'■ v.-'- 

I ■■ V' ■ 





&-7 




RIter Characterizatk)n 



17. Press [SEARW] 

[TARG£Tl<-><3> 

[entir] 



1 8. Press [ uft J 

Note the frequency value 
Indicated by the offset 
marker’s x-axis position. 



5 *r * •». t?! <1 

cl 
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RIter Characterization 




H 



1 9. Press ( RIGHT ) 

Again, note the frequency 
value indicated by the offset 
marker’s x-axis position. 



I »<r , 4 * 

4 t V'a'f 



X .t\* ••• 



/- 





20. Press [ return ] 

[ OFFSET ) 

[offset on/OFF] 



Thltf moves the m the -3 dB point to the right ; | 



; ; ;;bf the resorta^ 









/ .‘LJ 



'‘iV 



right of the resonant frequency.-; \ I 



■ frequency Of the -3 dB pointy gives y ; 

; 3 dB bandwidth. ' > ^ 






. -f 



400 Hz. 



>■. 



'■ ; ' -‘i 



u 

w. 





[target] softkeys again, If you want to! find the 
absolute frequency values of thd -3 dB jDoInts; ; j j 
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RItor Characterization 



21 . Press < Formal > 
[UPPEfVt-OWER] 

< Active Trace > 



irt ir« 

^ I i r 




22. Press < Meac Data > 
[FREQ RESPONSE] 

< Scale > 



[X AXS UNri.0G| 
[AUTO SCALE] 



i«»M ♦ jf 

‘H it 
cr.i’Fiiri 

(A - 

ii • 



► e»^c I r . ei 

S/e Am 






t »; 
I 



K'f -.'r* 



• ■'. ■ . , V!;,; ,.c ■ •- ' '.‘v;: ! 

a; inenu t^at lets Vou v 



: , Pfe^lng < > 

; : display. > > ‘ ' ' ■ t ’ ' - 

j ; Pre^Irig [ upper/w^ ; : j 

I format.^ Pressi^n^^ ^ 

S Traw^^^ lowr one) as,^'^ adtiva trace, ' ' 

• >• .^-V^!,y\v.rs{•- 'i.' > 

y ’i ' •*•—.11.’-. ' *'• t-l • iil '-■ •*•'''•• ' ''i J' •'■• '■■■-'-'m ?•< I .* 



frequency response j ftieasu^^^ 

■ looking at eai1Iei^:;;:'v';!^^ 

., Selecting , the , upper/lower^ format allowa you to ’ 

. .' AW.I.K. • A. a ■ — " — A A. '-’ — - ^ ^ . '-AfU ^ '1. — * 1' . ‘ 






\ at once. ; In a few mornents^ yrou, Wilf ^ log ; ; • 
i m agnltude of the frequency' rebpohsp ^ 4 j 

trace, and ithq, phase:.cf^e fre'quericy response oh’ v- j 
' ■ 'thelower fracer'M-‘'';^-r;-^ 

V .. -i 

Notice h6W|’thie^currdnd^ a ] 

f Jilghilghted box arci'und the fr^ v , ' I 

< A(^e Trace > swttch^s between trace' • I 






.'•'I «r.-i 



This puts the frequency respopse meMurem^e^^^ /i j 
Trace B. 

, •' 'I ' •' “v ’f 

Because Trace A and Tracd'l^ are Independerit, you, I ' 
have to set up each trace IrfdMcfualiy...: ' :<{ ‘ j 

/ . ' . ' • .••■ ... ■ ■ -r ".‘’■•'4 V^' ‘1 

■•■ f"'*- - V 












; V, 

‘‘l-ri! •* 
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Filter Characterization 



23. Press < Trace Type > 
[phase] 

24. Press < Scale > 
[AUTO SCALE] 



Ire «r* 



» r*t»nr » I »•: ‘ 4 *A T 




t pr >r; 

t * » ;-!*• ■ u ■*'■ >p k ■»'. 



I •4'«f f .■ * It f*t >’»j 

«•! • 




25. Press < Marker > 



[COUPUD ON/OFF] 



• » i >?►< 






I •;! >•! 

It 



kCp^rj . 
it ' 



5 
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RIter Characterization 



26. Press < Format > 



[front/back] 



( I 11/4 »lit 



f «V Mf« 






itifi i «i 



; Mirtrr » I 1/4 »»| 






111* i / »ii« 

It 



lw6:ia 

Sii 



otlc>inpw| ptd ss|n 




v/~’i J :,jM r i.'-i-'’V'J '■ "■i '- i 

-■*. ..vv;-.:; 1 

'-'.'r ,».■?''■ .->■.■ -• ’i if. '. V •■• ,-l-- f-S' • r f-''-«-«F' r *S-'\ ‘ •/■-' * 

-.A','. v.‘, -if U' >,<:■■'. Vi '• ■-;• ' .i-'jf 



^•A 






i, -7 ^'' PVv;> ;.* 77 'c 7 'f h- -hi- :\l 
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Chapter 9 

Impact Testing 



Task Overview — This chapter steps you through a series of measurements to find the 
frequency response of a mechanical structure^ using impact testing. 

What you will need — gather the following items before starting this task: 

• Test structure and support 

• Impact hammer with built-in load cell 

• Accelerometer with adhesive or threaded stud to mount the transducer 

• Signal Conditioning (a current-source supply if you are using ICP devices, or a 
charge amplifier if you are using piezoelectric devices) 

• Appropriate connecting cables 

What you will measure — in this task, you will make these measurements: 

• Frequency response function for a simple mechanical structure, using impact 
testing 

What you will learn — In this chapter, you will be introduced to the following analyze 
functions: 

• Setting Input ranges manually 

• Specifying a trigger delay 

• Using the force window (and determining its duration) 

• Using the exponential window (and determining its decay rate) 
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Impact Testing 



Measurement Setup 



DYNAMIC SIGNAL ANALYZER 




through the following task, you may find that your measurement results differ 
slightly from those shown here. Keep in mind that the tasks are designed to help you learn 
about the analyzer •- not to duplicate specific measurement results. 




Impact Testing 



1 . If you've already turned on the As always, you should preset the nalyzer before 
analyzer, press < Preset >. beginning a new measurement task. 

If the analyzer Is off, turn It on ' ’ 

and wait until It warms up ' 

and calibrates. Then 

press < Preset >. , ’ 



2. Connect the impact hammer to 
the analyzer's channel 1 input. 

Connect the transducer on the 
test structure to the analyzer’s 
channel 2 input. 



As mentioned (n the task overview, you will need to 
provide proper signal conditioning for the test 
equipment you are using. , 

In our example we used a test kit comprising a 
hammer with load cell, transducer, and matching 
ICP current sources.. 



3. Press < Meas Typ» > 

[ZChame! 51? kHr] 

4. Press < Freq > 

[span] 

<1><.><6>[KHzJ 



This places the analyzer In the two*channel mode. 



For this example, you will select a frequency span of 
approximately 2 kHz. 



5. Press < Format > To view the results of both the stimulus (the hammer 

, taps) and the resultant response, you'll need to have 
[ uppER/iowER 1 two traces displayed. . i 

Trace A will show the hammer taps (In the time ',i 
domain), while Trace B will show the response (in the 
frequency domain). 

It's important to monitor the hammer taps to ensure 
that you’ve madeaclean hit. If the hammer bounces, 
(causing multiple hits withlrv a single measurement), 
the response will be in error. 
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Impact Testing 



6. Press < Meas Data > 
[TlMc CHANNEL l] 

< Active Trace > 
[FREQUENCV RESPONSE] 



7. Press < input > 

[ CHANNEL 1 RANGE ) 

Using the numeric keypad, 
enter a value appropriate for 
your measurement equipment. 

[CHANNEL 2 RANGE I 

Again, enter a value 
appropriate for your 
measurement equipment. 

8. Press < Trigger > 

[ TRIGGER SET UP ] 

[LEVEL] 

< 1 > < 0 > [%] 




-4 







[CHANNEL 1 DELAY) 



< - > < 2 > [ mSEC ] 



[CHANNEL 2 DELAY] 

< - > < 2 > [ mSEC 1 
[ RETURN ) 

[ CHANNEL 1 TRIGGER ] 



1 0. Press < Window > 

[ FORCE EXPO ) 

[FORCE CHANNELt) 

< 1 > < 8 > [msec) 
[EXPO CHN2] 



< 6 > < 0 > [ msec ) 




Impact Testing 



I 



1 1 , The analyzer Is now set up to 
receive data from your 
measurement. 




OVERLOAD INDICATORS 



Overloaded Inputs 



MULTIPLE HITS 




Multiple Hammer Hits (Bounce) 



1 . When thaking your measurement," yotfij(pusl make ' v,'; 
..'j sure that the Input range for each chahhi{)js within i| i 
V the range settings ofitHeanalyzor^^^^ t . - 

jdeally^thfi Jynaj^c ranJi^ 

r^^vi^WJ^^ne-s^lhg ofthe ahalyzdr, if fhe stlm^ulus Is too, 
hlah: vou'll'see ah oven^kid messaue (betovV V t 



high; you'll see ah ovenO^d message (below 
each trace), .'i 



■I- -O 



If the anal]^zer overloads repeatedly^ reset the ranges i ; 
of either or both channels. Each channel may require , , i 
a different Input range (as did our example Here),i , '.’ *i 

/ 'i ^ " ‘>::iy'y y/ .f';-:.:;' ' a , , 

As we mentioned before, a good hammer tap stioiild ' f 

hit the test' sti^ucture only^orice (there shouljd )?e)no . 
bounce). After tapping your , test objdct and ' 
auloscaling trape A, look to.see’if there Is only one ^ 
spike pressnty If there l;s more' than one. It 
inecessary to repeat the procedure, J:_‘' ' 



Examine the accompanying figures carefully; 
compare’ the test results on Trace Bf. , Notice how i ,, 
overloading and multiple hammer taps have caused 
distortion In the measurement results. ■/ . ' 



^ r- .- ■ ■ ■ 1 

I . - ' 
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Impact Testing 




12. Press < Scale > 

I [AUTO scale] 

< Active Trace > 

(auto scale) 



:1 - 






‘ tcc J ’ 

,> ft 



i 



Proper Measurement Technique 



. vi\! li'^;;on?^!rieceM 

^ ' 1 f M M i»k jTva b4m 'jLmIl.<L V: *1TLk)F4^ '. »t«if 't)bk ^ Ia ’ «J * t m ' 



I- :)■ ' wwiho'a'^' 5 rag 6 ,yij'u^^ 

■ ihejESUrements.ie 1b leam^rtiOreiaboutfBw^ 



0 ' ':V 'M 



H*'' ‘ . ,! ■ ,! ‘/i 



f' ■ ' '■■■>- ’ -'.i 

. ■ .;; i.il/:' ;;; ;;,;,::;i;.ii( . 

: : ■ ' ' ■■■•i '■'. ; ' '. ;,’-i* -;. r; ;. ■ 

' ' ;V jr ; 



rYwYmmm'Yl 

' *‘ -Lj-itl • >. . V .j..^-.'-r . -: . , ... i 

■ . 'i;i: -iiiWJ '..t • • •■' -■ :- ; ) 



■ -’i.‘ ■’■■'iY :'■•■;■; •■•S..‘’''M,., > : • 'V* v^^^‘ . Y-Lf-' i'-.-i ■:■■■;'•,. V;i ■■■ 

:■ ■': ■ ■: v./< -f 

i-;_; ■;•);• V:--!‘.,-::. ir-''' VV/'i/i-V. 

v't 'rYPP' iY:. y'V -^[’''pPY/- - -.i'y 

h ;ii'.:!M .. ;,V: CV: ^ ■p-,; Y,i;/;U 

p<m0y-pmpp 

'.'• M' • ' ' * m’ ' I "■ -'>■>■-■ /•• ■-'- - '.r ■* ' •►’.ht •;•' '■ - '- r , ".v V/-’’* ’ ■•' '■ ^ 'I 

'V;. V : -m-\ 

■.I- "- "-iy; •■-.‘- t-:- -'■ ■ - •■ 

;v;- > - Y -■ ppm '- - . -mmmm'P- y-.- .■: t 

'.' - *' ■■ . ..* .' ■ ' '•-.'i. ■ Y .1 . I-;': . '. • ' M! U .i. .. ('.iJ 



;’i' ' •Y'. ’••' 'X'M'-'' ^ V ' ''''^’.' . 'V 






f!'' 


j'. j»- 




.v' .'l'';,-;;!n^!j’! P! i'. ■■ -‘//pMi.l L ' Y- 

'• ' • ' ■..■■'■ ,' ‘ 'r . , • J • •■ • ■•; : r , •, 


; ^ ■ ;i;v: :. _ 






;.v- ;v 1 


; ! ' ' \ 

■ ^ iyi\ ; ;( 




i: ■•--• 


■ Y,;. • 






' ^ •! ‘'i i -i 






- i, ■ 


.i.-‘ .•^' 





;i' .p.-.';p,.-p ^ ,. 
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Chapter 1 0 

Plotting and Printing Measurement 

Results 



Overview 



You can use a variety of HP-IB plotters or printers to show measurement results. Contact 
your local Hewlett-Packard Sales/Service Office for a listing of currently-supported 
peripheral devices. 

This chapter provides a brief overview of plotting and printing procedures. For more 
detailed information, see the HP35660A Front-Panel Reference, 
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Plotting and Printing Measurement Results 



Preparing to Plot or Print 



1 . Connect the plotter/printer to 
the analy7.er's HP-IB connector. 

2, Press < LocaVHP^B > 

[ SYSTEM CONTROLlfl] 



The HP-IB connectol* Is bh the analyzer's rear panel, i 



' .This sete be the system controller, 

I : ; T^ wntrol br, the Hl^li bus to ; i 

[ ;^plbt,j^p^t an 

i:, . vThls p^^^^^^ 

■ ; ; controller ^ the; HFIB, ' ^ than one i 



P »U WllVfl 

: m “ \y 



3. Determine the HP-IB address of 
the plolter/prinler. 






4. Press < LocaWP-IB > 



[PERIPHERL ADDRESS] 

5. Press [ PLonER address ) 

or [ PRINTER address ] 

Now enter the appropriate 
address. 



particular plotter/prlhter.^ . ^ 

i '■ '■■' '• .',‘S V .' '•/.’{ 

externa! devices on the HP-IB have a ' 
!■ ■ unique;adclress.^. ; ^ ;;; 












;:77 ' of peripheral deylces/^r^^ 

{/■' l' ‘ ■ ’i' ■ i' -* I'-'” l,V'j ‘ ‘I 



, turn off the arial^erls poWer. l^^^^^^^ 'A^^^ i 

' " • \ , . ■ 1 , : : I 

■ • ■ ■’. -'7 . ■ ■ > 






-.'■i'. ' 7 ■ -l.’ 






•r •■■-■-,■■■• I, ■,v.', 



Tn;-: 



lA ,;?:::-; 
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Plotting and Printing Measurement Results 



Plotting or Printing 



1. Check to i»ee If the 
plotter/printer Is ready. 

2. Press < Ploi/Prini > 

Then press [plot screen] 

or \ «RINT SCREEN ] 



3. Press [ARGRT plot] 
or [ABORT print] 






^ p^lngj'^^ hot >’ ■;'* 




!; ■:. :.-.:^v; ■ '''n v ■ -;'i 

( ' ’-' l' ‘ 



7 ^-, '^1 

I 



••'•t - • , 
-:/■' I. 






.-.I' / 
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Chapter 1 1 

Save and Recall Operations 



Overview 



Firsts a brief overview The analyzer lets you save (and later recall) the follovwng: 

• Traces 

• Instrument setup states 

• Math functions (and constants) 

• Limit tables 

• Data tables 

• HP Instrument BASIC programs 

There are three mass storage devices you con use: 

• The analyzer’s Internal disc (this accepts standard 3.6" floppy discs) 

• The analyzer’s internal RAM disc (for fast, temporary storage) 

• An external disc drive (must be HP-IB compatible) 

Before doing any save or recall operations, make sure you’ve selected the correct mass 
storage device. Unless you’ve used a device specifier prefix (such as INT: for Internal disc), 
the save/recall operation will use the currently-selected mass storage device. 

Here ore the device specifiers: 

• INT — for internal disc 

• EXT — for external disc 

• RAM — for a RAM disc 



Save and Recall Operations 



The filoname you use must have no more than ten characters. Also, all characters must be 
printoDlo. 



CAUTION Fifes stored in Internal RAM disc ere temporary and will be lost when you turn off the 

externa/ disc or the analyzer's Internal disc drive for permanent 



For detailed information about save and recall operations, see the HP35G60A Front-Panel 
Reference, 



Saving and Recalling Traces 

n?n^ 'iSoAPC'o current moss storage device - 

files TRACEl through TRACES . You can also save the trace to a file with a name of your 
own choosing. 



Saving and Recalling States 

You can save (and recall) the current instrument state (or in other words, its configuration) 
analyzer*' storage device. Later, you con use this file lo quickly set up the 

Here’s what else you should know: 

• ^en you save an instrument state, the analyzer remembers most settings, but 
does not remember some service teste and adjustments settings. 

• You can save an mstrument state to one of eight files in the current moss storage 
device files STATEl through ’STATES’. You can also save the state to a file 
with a name of your own choosing. 

• amounts of memoiy (especially 

./ tables), an "Insufilcient disc space” message appears if 

the setup state is too large to save. If this happens, store each table to a separate 
file (for example, INT;LIMIT1), if you haven’t done so already - do this by 
pressing < Save > ^d using the [ save data rat] and [ save UMIT] softkeys, Then c/ear 

pressing < Marker Fctn > and using the appropriate softkeys to delete all 
tables. This a/oids duplicating the tables in the memoiy space allocated for 
saving setup states. An even better Idea would be to store data tables and limit 
tables to another external mass storage device (to avoid running out of disc 
space). 



Save and Recall Operations 



Saving and Recalling Math Functions 

You can save (and recall) a math function to one of eight (lies in the current mass storage 
device — files 'MATHl* through ’MATHS'. You can also save the trace to a file with a name 
of your own chocsing. The five constants associated with each math function are also saved. 



Saving and Recalling Limit Tables 

You can save (and recall) a limit table to a file with a name of your own choosing. 

Saving and Recalling Data Tables 

You can save (and recall) a data table to a file with a name of your own choosing. 

Typical Save and Recall Tasks 

In a few moments y<^a will step through typical save and recall operations, using the 
analyzer’s internal disc drive. After completing these tasks, you can use similar procedures 
with the onalyzer’s Internal RAM disc or an external disc. 

Before starting the save and recoil tasks, you must first designate the analyzer’s internal disc 
as the current mass storage device. Afterwards, you will format a blank 3.6" floppy disc (if 
you haven't done so already). 
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Save and Recall Openatfons 



Selecting the Current Mass Storage Device 




n 



1. Press < Recall > 

[ STORAGE CONFIG ] 



2. Press [ internal disc J 



3, If you have a disc already 
formatted, Insert the disc In the 
analyzer’s Internal drive. 

Press [ CATALOG OH/OFF J 
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Save and Recall Operalions 




IB 






Formatting a Blank Disc 



1 . Make sure the disc you*re 
going to format Is not 
wrtle-protected. 

2. Insert the disc In the analyzer’s 
Internal disc drive. 

3. Press < Save > 

[ DISC FUNCTIONS ] 

4. Press [ FORMAT OPnON ] 

<0> 

6. Press [ INTRLEAVE FACTOR ] 

< 1 > 



6. Make sure you really want to 
format this disc. 



J;;' ‘ ’ ' 
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Save and Recall Oporallons 



7. Press [start format] 



8. When INI: appears at the top 
of the screen, press [ entir ] 
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Save and Recall Operations 



^ Saving a Trace 



t . Press < Save > 



[ SAVE TRACE ) 



2. Press [ INTO 'TRACEf J 



HI 














ri^jV; :’A 1 1 i;i ■ J 

can*ilsO'.Ba^e.ine traceTiO’^ a nama of'X' 




's-tv-n' 'V 

i’ji -t;i 
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{ ' j and Recall Operations 

Recalling a Trace 




1 . Press < R«caii > 
t RECALL TRACE ] 



2. Press [ RCL FROM 'TRACEf ] 
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Chapter 1 2 

File Utilities, Application Utilities, 

and Special Functions 



Overview 



File Utilities 

In addition to save and recall operations, the analyzer lets you do the following from a Hie 
utilities menu: 

• Rename a file 

• Delete a Hie 

• Delete all Hies 

• Pack files 

• Rename catalog 

• Format a disc 

• Copy a disc 

• Set storage configuration (select a mass-storage device) 

At the end of this chapter, you will learn how to copy one disc to another, using the analyzer’s 
internal disc drive. This is particularly useful for making backup copies. 

To learn how to format a disc, see Chapter 11, “Save and Recall Operations.” For detailed 
information about file utilities (and to learn about additional utilities), see the HP 35660A 
Front- Panel Reference. 



] 
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RIe Utilities* Application Utilities, 
and Special Functions 



Application Utilities 

There’s also an application utilities menu. From here, you can do the following: 

• List all applications loaded in the analyzer 

• Install individual applications 

• Load all applications 

• Turn on or off the autoload feature (if on, the analyzer loads all applications with 
the _LD suffix at power-up) 

Don’t confuse programs that run in HP Instrument BASIC with applications. Although 
^ Instrument B^IC ts iteelf an application, the programs that run In it are not — rather, 

tables and limit tables. For more information, see the 
HP Instrument BASIC Getting Started Guide. 

For detailed inform^ion about application utilities (and to learn about additional utilities), 
see the HP 35660A Front-Panel Reference. 

Special Functions 

A special function menu lets y a select: 

• Calibration options 

• Memory allocation 

• Turning on the beeper 

• Setting the clock and calendar 

• Self-test functions 

For detailed information about special functions, see the HP35660A Front-Panel Reference. 



Disc to Disc Copying 

This procedure shows how to copy the contents of one disc to another, using the analyzer’s 
interiial disc drive. After completing this task, you can use a similar procedure to do related 
dfsYS^ analyzer’s internal RAM disc to a disc in the internal 
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RIe Utilities, Application Utilities, 
and Special Functions 
































Rle Utilities, Application Utilities, 
and Spedal Functions 



7, Insert the source disc Into the 
analyzer’s Internal disc drive. 



8. Press [ STAnr COPY J 
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Chapter 1 3 

Data Tables 



Overview 



A data table Is a list of x-oxis values. For each x-axis value that you enter into a data table, 
the analyzer calculates the corresponding y-axis value. 

There are two data tables; one for Trace A and one for Trace B. When you call up a data 
table calculation, the analyzer will select the appropriate data table for the trace that’s 
active. And when you turn on data table calculation, the analyzer will automatically 
calculate the y-axis values. 
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Typical Data Table 

Data tables are useful for quickly characterizing a measurement result by taking a 
“snapshot" of key points along the x-axis. Data tables save time because they let you easily 
record measurement results (in numeric form) without having to move the marker around 
and manually record marker values at various points. For more information about data 
tables, see the HP 35660A Front-Panel Reference. 

You can also store a data table and apply it to subsequent measurement traces. This is 
particularly useful when using the analyzer remotely. For more information, see the 
HP 35660A HP-IB Programming Reference. 
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Data Tables 



Here's what else you should know about the data table: 

• You con specify 401 x-oxlo values for the data table, Of course, the more values 
you specify, the longer It takes for the analyzer to fill In they-axis values, 

• If data table calculations are on, the analyzer will update the data toble after each 
meoBurenaint, Also, tl.o data table does not have to be displayed for the 
calculation ^to occur, 

• If data table colculaiions are off, the analyzer will not update the data toble's 
y-oxls values. However, the x-oxls entries will remain unchanged, 

does not store unit lobels in the data table. For example, an x-value 
of 1 2 |cHz Is stored simply as “1,2K" and a y-volue of -36 dBVrms as “-36." 
Before recalling a data table for use again, make sure the analyzer Is set to use 
the same vertical units that you used when building the table inltlolly. 

Otherwise, the calculated data table values will be In different units than the 
original data table. It's also a good Idea to use the same frequency span, 

• If you've turned on the offset marker, the analyzer will calculate y-axls values 
with respect to the current offset zero point (the little square). Otherwise, the 
analyzer shows absolute y-axls values, 

• When editing the data table, use the < A >and < T > hordkeys to move to a 
ptirticular x*axis value (if there^s more than one page, pressing 

< \ > < fast > moves to the previous page and < T > < Fast > moves to the next 
page). If you re at the last entry, press < T >to add a new one. 

• The analyzer does not show markers for any of the data table points. 

• You can use the data table for both frequency domain and time domain 
measurements. 
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Data Tables 



A Simple Data Table 



With this task, you will learn how to create a data table. Although this example uses a 6 Idl/, 
low-pass filter, you con use another type of filter if lt*s more convenient (the goal of this task 
is to learn how to build a data table - the choice of test device is not Important). 

The example low-pass filter has just two components and Is very easy to build. The same 
device is also used in the first waveform math task (Chapter 16, "Waveform Math"), 




Low-pass Fitter 
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Data Tables 



A Simple Data Table 



(continued) 



1 . Connect the 6 kHz low-pass 
filter to the analyzer. 



2. Make a frequency response 
measurement. 

3. Press < Freq > 

[zero start] 

[ SPAN I 

< 2 > < 5 > [ kHi I 

4. Press < Scale > 
t X-AXIS UN/tOG] 






5. Press < Marker Fclr. > 



[ DATA TABLE ] 




ftrt nyffitTnn'Htlta -ririiee'rnri trr -■] 



; ^ ‘^;theh:[Do,pELETE'];;:v^Y^ 
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Data Tables 






6. Move the marker to a point at 
the left side of the trace. 

7. Press < Marker Value > 



I ► Ui »r 



» # ir 




8. Press < ► > 
Press < T > 
< Marter Value > 




table. V' : 'Vyr; v 

Yoiii ,’can also; enjter an x^s value with the numeri^^ ’ 



1 keypad. * Howeyw If the x-axia vi^u^ you specif^ |s/ '^^ 
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' fliteta of the sarne design) , It’s best to use a TOrislstent ; ■ ; 
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This mbve^ the marker a little to the right ' 
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Pressing ,< T >adds another x^axIs value. ; | 
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Data Tables 



9 , Repeat the previous step 
several more times. 
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10 . Press [calc OH/off] 
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Data Tables 




1 'i , Modify the output of the test 
davice 

Press < start > 




1 Z. Pre t I RETURN TBL DOWN ] 



1 3. Press < Format > 
[ SINGI.E ] 



' a’*u' '?<' 

I Aa'> thfl'. nAU/ mflAQHrflmnnr VAnmnlntaA r4nntAi'thA. < 5 
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• : to use ipffx^^^ 
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Chapter 1 4 

Limit Tabies 



Overview 



A limit table is a list of vnluos (referenced to their respecUve x end y coordinates) that the 
analyzer uses to compare with a current measurement or a stored trace. A limit appears as a 
line (or lines) defined by a series of line segments. These line segments are defined by points 
that you specify for each limit table. 

Limit tables are useful for go/no go checking - they quickly tell you If a particular 
measurement result passes or fails the limits outlined with a particular limit table. 

You can create both upper and lower limit lines for each limit table. When yi'U turn on the 
limit testing feature, the analyzer indicates a “fail” condition if the trace you’re testing 
exceeds an upper limit (or goes below a lower limit). If the trace is within the limit lines, the 
test passes. By the way, you don’t have to use both upper and lower limit lines — for some 
types of testing, it mi.y be more convenient to use only upper (or lower) limits. 
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Limit Tobias 



I 



Here’s whot else you should know: 

• The onolyzer does not store unit lobels In the limit table, For exomole, on x*value 
of 1.2 IdHz is stored simply os "i,2K” ond o y-voluo of -30 dBVrns os “-3G.” 
Before using a limit table ogoln, moke sure the onolyzer is set iX) use the same 
vertical units that you u6ed when building the table Initlolly. Otherwise, the limit 
testing will not work properly. It’s also o good idea in use the same frequency 
ipon. 

• When editing the limit table, use the < A > and < T > hardkeys to move to a 
particular segment (if there’s more than one page of segments, pressing < A > 

< Fast > moves to the previous page and < T > < Fast > moves to the next page). 

If you ’re at the lost segment, press < T > to add a new segment. 

• When adding a new segment, x*start and ystart values ore copied from the x-stop 
and y-stop values of the previous segment. This lets you conveniently add a 
connecting segment to the previous one. There’s no need to re-enter the x-stort 
and y-start values — simply move the marker (with the < ► > hardkey) to the 
dejlred end point for the new segment. Then press [x-STOP ] < Marker Value > ond 
[Y^TOP] < Marker Value > . 

• To copy a limit from Trace A to Trace B, use < Save > ond related softkeys to save 
the limit for Trace A to a file (such as ’LIMITl’). Then make Trace B active. 

Now, using < Recall >, recall ’LIMITl* (you may have to backspace and use the 
numeric keypad to specify ’TRACEl’). You now have identical limits in both 
tables. To save the newly-created Trace B limit, again use < Save > and related 
softkeys; this time, save the limit to ’LIMIT2.’ 

For more information about limit tables, see the HP 35660A Front^Panel Reference. 

To learn about operating the analyzer remotely, see the HP 35GG0A HP-IB Programminc 

Reference. 
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Limit Tobies 





A Simple Limit Table (upper limit only) 



With this task, you will learn how to create a simple limit table (usingjust one limit line) to 
test the spectral purity of a sine source. Specifically, you’re going to check the absolute 
amplitude of the second and third harmonics. 
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Limit Tables 



A Simple Limit Table 



(continued) 




1 . Connect a sine source to the 
analyzer's channel 1 1nput. 

Set the output to 1 kHz. 



2 . Make a spectrum 

measurement of the 1 kHz test 
signal. 




It 



S 1 1. » 




» lK.«4e tIV’Vt 




t 


1 ^ 


itM • IIT 1 


1 


!l !. 






fci>« 




14-4 




Umit Tables 



3, Press < Marker Fcln > 



[UMIT] 
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4, Press [UMIT CONRO] 
[x-start] 

<\> < > <8>[kHz) 



5. Press [Y-STARTj 



<-> <4><0> 



[ ENTER ] 



6. Press [x-sTOP] 

<3><,><1 >[l<Hr) 
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Limit Tables 









9, Press <-><i> <o> 



[ENTER] 



[RETURN] 
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ir * I 
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1 0 . Press [ UMIT CONFIG ] 
[TESrEVAl OM/OFF) 

1 1 . Press [ RETURN ] 

[ RETURN TBL DOWN ] 
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Limit Tables 



12. Press < Format > 



[single] 



C > 4 »| 







1 3. Press < Input > 

[channel 1 RANGE] 

Then press < v > twice, 

1 4, Press < start > 



t t I 



pL KC*r 



ti. 



cl 



I! L 



Fill » 





1 5. This completes the limit test. 




/ ^ v.\: I V; -V^;, •". 1 ,..' V* 

!■;■’" V^:VV.^:'L ^;: 

K- li tff1lmiti§f 
H^’'meriuj^^:as^ 

I tltm off *; 



z. 
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Another Limit Table (upper and lower limits) 



With this task, you will learn how to create a simple limit table to check the shape of a 
band-pass filter. Although this example uses a 1 kHz band-pass filter, you can use another 
type of filter if it*s more convenient (the goal of this task Is to learn how to build a limit table 
- the choice of test device is not important). After a bit of practice, you should be able to 
build o limit table very easily. 

Make sure ;;ou’ve read and understood the previous task (“A simple limit table”) before 
starting this task. 
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Another Limit Table 



(continued) 



1 . Connect a 1 kHz band-pass 
filter to the analyzer. 



2, Make a frequency response 
measurement, 

3, Press < Freq > 

[ZERO start) 

[ SPAN ] 

<2> < 5 > [kH:) 

4, Press < Scale > 

[ X-AXIS UN4.0G] 



B » i.. <i 



/ \ 



"'.‘'I'."’ 





, If vou naad ' raulaw: UBa^ha.arAMdilraa'fni ttitnAH’ tn' vv^ 



This sete'^e 






. 'r;'i I ’ r-l "J-'. p./ 






' -'t ' "n ' ' ^'l \ « ' 

w;:-- | t 



,^)i.V-v5 ir'V 
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5. Press < Marker Fctn > 



[UMirJ 



t iriil tUlv I I ui»i( UUt i 



^ S ''*^**'‘ » t • j . rrj 




hi»'» t*Pt 







6. Move the marker to the left of 
the filter peak. 

Press [ X-START ) 

< Marker Value > 

[ Y-STARr 1 

< Marker Value > 




This defines the start of the first upper limit segrnent. » 





! 
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7, Move the marker to the filter 
peak. 

Press [x-STOPj 

< Marker Value > 

[y-sTOPl 

< Marker Value > 

• ll«'t lull t ■ LI»T lull t 




8, Press < T > 



•«'! , I'. }’ V. '-'I / I.'.. r i.) ' •. »K -ii' •' I ■ •;• i yi'. ' .. 

. 'TaA UJk a. Hiibtk.lL W.^ lA. ^ ^ .V'.- 



. '■< ' ‘I • ' -r . ^ ' 



■f « I • •••JT ■ ■• •’ )' |,' II ? J '••y ( -'-■ : r '. i ' ;l f l./J- .•sr.-.> 3 «■' '■ ’ Ji' ^ * S ■ I • • 1 . , ■ * i.” i • "- ■ I 

\ ■ *, :■ I-:.',: 't?r ‘Vr-‘ Vsr'^ '.•-'.■■iv-ii.-.V’sr.'; .v. > 

i '! ■> • i i-er 

'■ ’ -I . u- “ ; •.■•5.. ,'j. ' I -,.'7 ’-y '■; 



■ '-■• ,-i;;-:- ■■ -.r-v' -'AN/Yi'C-i/Hr. 

;■ .' -.r- 'I ■■'■■■ ', ' -‘Y- ■ 7 ■ ■, ''k ' V'''*Y7r J vVv * ,'•>-■■ 't ■■ •'■ I 

■ ' V ' ' , i ,. ‘ '|, ‘I 






^: • . - ■ .■-■< • ^- ? ■ .• b ..' -. - .• Tl- •: • .. ; ' Vr^i % '1.' ■ •7'-? 

■ ■■. ■ ■■ ■'.■ ■; ■■-b*'' -■'f-"‘ ■■ ■■' V’ 'i ■■'} 

••-.A. 1 ••.;•;% 1 ■ V. ...;,, r y J_ i , .-:_.1,- < 

. ■ '■ '-'/•■ •• * ''b'' -''.v.'T: '-w[' b'! i'.- - -I 












:■ . ■>*' r\ 



'I 

. • ■; /. • .‘j 

I- • ' •: 



Note how^the X'^op y | 

‘ vVbiV-r*-*'- ...| 

.y*start;:;valu0s‘'ar^ 

segment. you' cbnyenlehtly add ^ ‘ ? 

connecting segment to the' previous one.’ . > : s ‘ ■ b' • ■ i 

■',:bb 

■ ’■■ ’ •■■‘i- V ■ ' ■ '• ■'•■Vv'' %■.;•;■. ■ I',' ' v" V. iK' ■'■■•' ,.) ■•.■■■ ■. » !;YV .;i-'.‘ ■;• 

- , W> ‘ ' ■ ') * ' 

• i r . f-i '•„• I : •-. . 1 .. ■•. •■ r. *V/i} v-t^J i' r i- .*i --v;.--, 



■ i -. >•:• 












t r.'\ 



\ r f 



b ;-Y .■;;.-.>s-. 



V'Jw', 



f ' . 



:Abb-^ 



.b7:T' 

b''i .• ’ 



V-.;; 






■ , i.: • • '■,. 

'•;..i <7 ’a' ■■;' 



. ■■■'! ■ 



,■ 0 
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9. Move the market to the right ol 
the filter peak. 

Press [x sTOP] 

< MaiXer Value > 



[Y-STOP] 

< Marker Value > 



► I I I » title t 

naauumnMM ut 

X ► ;.iei » « ej? d 

<i ■ 

■ /N 



tttrt (4 •! 
rri«,»Ptk 






iWli 



1 ii«n 


lieu ft • 


IM Wf/ftOMM Ml* 

• Jttft 


tt<e ♦■itci' a 




^ 







1 



10. Press [offs£t] 

[Y ADJUST ALL SECS J 
<3> 

{ENTER] 

[REniRN] 





14-13 






Limit Tables 



1 1 . Again, move the marker to the 
left of the filter peak. 

Press < T > 

12. Press [umtupper/LOW] 

13. Press [x start] 

< Mafker Value > 

[V-START] 

< Maiker Value > 

1 4. Move the marker to the filter 
peak. 

Press [ x-sTOP ] 

< Marker Value > 

[y-srop] 

< Marker Value > 

1 5. Press < T > 

1 6. Move the marker to the right of 
the filter peak. 

Press [x-STOP] 

< Marker Value > 

[Y-STOP] 

< Marker Value > 




Jhls adds yet another segmjent. ; ^ v V; ; ; 

The defines, the pn<i of the secortd lower 
segmepL'-' J 
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17. Press [offset] 

[Y ADJUST ALL SEGS I 
<-><!><.> < 5 > 
[enter] 

[RETURN] 

Aifiii rtiit< i iiisFt Ufeit t 




iiBit 

U( 


(Mil ft » 


Bftr lap! I* »«U«t 

A-btep r->Mc* ut 


II 

■•■1 




m 


.9i* A 
.M>« A 


m 















18. Press [LIMIT CONFIG] 
[testevalOH/off] 
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19. Press [RFiuiw] 

[RETURN TBL DOWN] 



20. Press < Formal > 



[single] 



X * i i:* *•{ I i. vj ^| 




•Uf 

it 



r '.vUV-7, * iT» * 






p?fSe.fe^lgn^shouWp^ 

;' RtiTf hW U/Miiha'' limit I Inais' In tkle nt>am nln' n>n nnf i' wt nV' f 



: v: .ty^,s^i^eril^^ 

L':'' imi I 'iifAi'*li4 - Vi At rA' tn? AAtAiir.-'M% aa ' "f 






i •* 'i '.^ 'v * r '-I'j ’.3'Vir--,\ ■' /'•' %v1 'l ■•> '''i ^-' i To .• ■ 

Al.r; V-..' 1 :' };: /'Cc-. i ■ ‘•, / 

•c. /• ■■'•' ■■'i'-'v'*'-. i' ‘ ' * . ,••"/;:•/. sTi’-'i' J"' .L'K - I 
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21 . If possible, adjust the filter to 
change Its frequency response. 

Then press < start > 



K » I i:* iPt t t.l?; 




22. This completes the limit test. 



- ,t ^tho wialywr 
y^^;'Hbw,thVtost'slgni^ 

I ; If your filter does nqt 

, ; ’ .^simply; aHe^ I 

resgr^selm 

AlternatfvelVj you'canlgo backi^d 
lilies fusihd the offset so^ ■ 



•■ ■-> r' - ^ •'■ ' “ 

" . *:■' ' 'a : ' ^ " 

rvy :'>!•]’> ^:.y;V ;r l;:? .’qv ■ k: *v ,• ■: , -i 



.,:>:Vl ■; 






f 

i’'-U 

v: 



,i ' ;■•:>; V'/Ji -*V; 

'VV;.-'-; Mr:; ,.' -^V.^:^■'^^:^>^Vr';:;.^ 

■ -■ '. ■ .; ■ ^ ‘ t, • *.1 ..;\' *'V.'**‘ , ♦ 

iIL.I.a'L r' i 



•V V-v‘T.-.'* 0 .. 



rrienu;\Then use [ijESTEyAiL’oi^ 

turn off liiTtittesfing e^^ • : ■ ' :ij' - , : I 
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Chapter 1 5 

Waveform Math Operations 







Overview 



Waveform math lets you perform a variety of operations on current (or stored) traces. 

Kerens what you should Imow: 

• Functions are specified by entering the definition with operands and operators in 
infix (standard algebraic) notation. After you enter a function, you can use it to 
perform waveform (trace) math operations with a combination of measurement 
data, stored trace data, and constants for display in the currently-active trace. 

• Constants can be defined as real or complex quantities. To accomplish this, you 
are given the choice of defining the real part, imaginary part, magnitude, and 
phase of the constant — all independently. 

• To view the results of a math operation, press < Meas Data > and use the 
appropriate softkeys to call up the math results. 

• To exit any math menu without affecting any function of constant definitions, 
simply press any hardkey. 

• If any data resulting from a math operation overflows the analyzer’s floating 
point limits, an OVFLW message appears. For example, this occurs when a math 
function involves a divide-by-zero operation. 

• When performing a math operation with stored traces, unexpected results may 
occur if the stored traces are not in the same domain (either the frequency 
domain or the time domain) or if the stored traces have different frequency spans 
(frequency-domain traces) or time record lengths (time-domain traces). For 
example, when multiplying two stored spectrum traces, make sure both traces 
have the same frequency span and the same start frequency. 

To learn more about math operations, see the HP 35660A Front-Panel Reference. 
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WavGfomi Math Operatic ns 



A Simple Math Operation 



Using waveform math, you will take a frequency response trace and invert it. Then you will 
multiply the frequency response by the inverted curve to produce a flat frequency response 
trace. Although this example uses a b kHz low-pass filter, you can use another type of filter 
if it’s more convenient (the goal of this task is to learn how to perform a simple waveform 
math operation — the choice of test device is not important), 

The example low-pass filter has just two components and is very easy to build. The same 
device is also used in Chapter 13, “Data Tables." 




Low-pass Filter 
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Woveform Moth Operations 



9 A rumple Math Operation 



(continued) 



1 . Connect the 6 kHz low-pass 
filter to the analyzer. 



2. Make a frequency response 
measurement. 

3. Press < Freq > 



( ;ER0 STAftf ) 

[ SPAN ] 

< 2 > < 5 > [mr] 



4. Press < Scale > 



[ X-AXIS UN/lOO ) 



X •«' • rr ► ' . 



■' C.-: ' i"': 






i / with, blit - 1 

ii- frequency ■; , 

^ -i’ ■■■■ ■ if"; , ii. ir ' ■ i 4'.-’ ■ : 

V'^ *,:‘n \/J, ,, ..j-. ; 



bJ piwrW IVflWf?! 

’ • . j. ' 



This sets ihq.span to' 26,6 kHz. . ''I 



'■■■ . ' ■ I. 



iti; 









^ nv-it. - ' ' r 






I <r- ■ - " . "■ , 



)|, 0 



■■ ■ ti' "f- ' ■ ‘ ^ ■ Hi ir^: 'b-'rii ' ■/' ; 

l :-0 . . .■ >■ ■H.-;- ■■ ■ - i- ^ :i ,.'■■ ■ . 









. This selects the logarithmic'^ ^ ^ - 

; ^Ycu carl use the, linear x axis Inistead, If It’s moro* 
■ convenient;,: V ' 



, • ' V'.ji ■ •> 









" ; Vi' i :'b ' ■■ ■’ ■ ' i- ' ■ , i i ’ 

; i:-. i',: 'i i; 



, Mi'- ■ 

”■ y - ’ '■ iV- ■' ■ 



! . •• . ’i’ 
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6. Press < Save > 

( SAVE TRACE ] 

[iNTOniE 'TRACE r] 

6. Press < Math > 

[DERRE K1 } 

7, Press [return] 

< Math > 

[DEFINE FI] 

0. Press [ CONSTANT (K1K5) ] 
[ CONSTANT Kl ] 

If] 

[stored DATA) 

[RLE ’TRACEf] 

[enter] 

9. Press < Meas Data > 

[ MORE ] 

[FUNCRON (FI-F5)] 
[FUNCRONFI J 



i This saves ^e' frQcjuehcy respo 



t;.U, ■,;: V • 



MaItA Olira (Ka rAal nar4 nf #vAn»lnM* l/V Im *.^'' 4 ' ' -':v '- 



1 ): 

' ' ' >1 \ tj 

! ;lf It Isiil, use the nurrierlc keypad to 

i'. '-press [o^I.^:v'-'vy;;'::''’yn 

i : ?■: y pv'.‘Aj;f I-';; ■ i '■ j 

[ You are abbutto ^efifre mcih ftm ' 

^ ,y.; :■-: ■■ y-v^yTy-royry^yyi-vyyyjVy' ' y 

'■' '"i r;V.' -'-: :r’y'y;tiyicv^ 

■ ' • • '--y.v.'-r :-■ ’•l-i 



•'■; j;’ ' \ ' •• - ••'’ ^ •■-■ :• '. .*-'!; ■ '- 



This defines tnath tonctlon FI as: 
K1/(stored frequen^ response) : 



■rd'l 



.’vJ .-. i 



1/(storeti frequency response)^ 



.•»T 

:m > V :. 



I 

■V-! 






i'S' ' 






.resulffng trace. 



I U 



t. . ■■ ‘ : 



\.- ■'■ vi-' 



:y.V 



1 

■ i 



15-4 



Waveform Math Operations 



10. Press < Scale > 
[AUTO bcalf) 






I r <| 






T'-^; -, /.- ri, - \* • ' : '■•\'' '"• 'T’V ' ‘*^V • • ' V - ^'•V''■ ' 'V -' T 

B^ie J 

I • V ;' In' the qxjamqle Here,’^u|sd < >;;^;;K;: 

I' :;to;rnal«q^ ;'• 

j.; . _ ’ '(V-. :,S>^ >VV) ' i 

I : ; Note hM tha: tr^ j^ah-e^ coq^^ 

' ,' frequerjc^llespo 

: unde^heathlli^^^ the ma^ fUhMon; lisei^ < i ’)| 

• to proouce; mis trace, ';'••■ .■' • 






. ;r 

r ;j.. ; V: * ! V V ' ■ 






1 1 . Press < Math > 



..••••* , ' J '*•■•*.■•'- if ••.:• ' •<■/■> l ;<. f «• V • • • J . i M ■ ' . “i . '. » •,•!>'. 1 f ..• -.r -iV » 

.i-'. >.■'■■ ''■■•' .V'. 






V • • f'--' i*' :- -V.- 

•i V • ’V-. -f. vM • • V " ••',•' >.> «.•"■• , r' I 4 ^ -.'i 

■•• '■; ' Jf > ‘ ••■. .' ’•■ / - '' •■' ‘ I -j 

Is defines math function F2 as: ' 1 



(OEflNE F2j 


1 {current ffeq. response)*(F1) . ; \ 


[meas data) 


‘ ' .*■ ' ■ 7^' ."''..''ll' T ' 

: In other; words, when you display rnath fuhcficn F2, > 


[freouencvhesponse] 


the resulting trace will be the currentjfrequency 
response data multiplied by function F2 (the Invertisd; 


[*1 

[FUNCDON (F1-F6)] 


; frequency Vespbhse trace). , 


In this ex^iple, the. purpose of math fundlqn^^^ 
; use the Inverted. trace to cancel; the; effert^^ 


[ FUNCTION FI ] 


1 low-pa^ filter (the resulting trace should sjipw, a, flat' 

7;.; response).:^7-:..,';;.-^ 

■■ * y ■' .1 . . , 1 . , . 1 . ■■•■■; 1 -, fc *• I*'.;,,, .r i . 


[ ENTER ] 


, r‘ !; 1 - 7 7 . rVi^. :;V • 



I 



•) i, 









■; 

M'l 
'■ ' ■ 

• ■ ’ ! f '. 

.. v! 

f > : 

, 1 ; I 



•) .>■• 1 



I. •■ 'Vj 

'■.K I if. 






15-5 




Wavefoim Math Operations 



12. Press < Meas Data > 
[moheJ 

[rUNCTlON <Ft-f5)j 
[FUNCTION F2] 






Vr 



* t «i 



X 






Met »t,R »•» 
kht tf 



\ 



I 

I 



resulting^w^ 

,' f v6u dldveveivthfna <»rractliv ^ : I 



# 



-I 

h''’ffre£iuen^^re^ 

I ■ ira(^ frQrt.functlph F2v^ i,' i 

>. ■ \ { '•>:?;;■ . t '■ X '•'.i'--.,* ;<.*'1 .\<',v,; .•.•)•■,? !‘T-\'' i -.f. .i';'. -T r" i--'-' <~ '\.\,( » 'i..'.- V ’-" 

• • -*. ’. - • ^•: •^^. *;v ^ ^ ..-•^•V v-v -V •-• -'r^V. 'j; -■• . 

> ' I . 

r-:U' ■{./ .\>n-.-’-- ' V ■■’■’S'-.' • ',' ■’■1;' ■V:; ■ •■-■■'• ■’■’■■■% '.■-r'-‘Jf 



y S.'S'. :- >:■ .■•■;-:'.\’V ^’-'-'rV' '■^■■.^'.^^'i',■^^ ;SV'<-‘'- ’ 



I ■■- . ■■ 



;;v), V;i;,u 



■,l- •- : •') 






-.•Vil ‘ :. ; ‘ •i'.: .-' 



i'li ■ .- 



1 1"' 

I, - 



• ■'I-., ;1 .■.■.•>.'■ 

h--- ■ v-' -' 

.■■y-'-r s-"' I. 






; I •■, 



r;r. 



■I- 



■.4: 

y. ‘ 



■T t 



.'h>! 






' • ' " r :'. j 
•■•■;'.; /yy '’■-■: ■ 

’V:'y ■.^ I 

-'L ■/ /•''•■ 

■ '1 ■ ' 'f .*■ '■,■'* I 

:■■■ ■'■'■’■ V, ■ "'' i ' ! 

, ' i > . .•.,: 



# 
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Another Math Operation 

In this task, you will take a spectrum measurement and divide it by jia (where ra=2TrO. This 
operation is usefbl for mechanical measurements because It converts signals proportional to 
acceleration to o signal proportional to velocity. 

Although this math operation is performed entirely in the frequency domain, the effect Is the 
same as integrating a time-domain signal. Conversely, multiplying by jia has the effect of 
differentiating a time-domain signal. 
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Another Math Operation 



(continued) 






m 



1 . Connect a BNC cable from the 
analyzer's source to the 
channel 1 1nput. 

Turn on the periodic chirp and 
set It at 1 Vrms. 






,i)V- 



oy^;fgo:|b£ 

I ; , chapter 2, X ' , 



s.:^lfir i 



■ I. \ 

■ i 






2, Select the Uniform window; 
then turn on rms averaging. 

3, Press < Freq > 

[SPAN] 

[full span] 

4, Press < scale > 

I X-AXIS UNIOO] 









IfC 



, Ten rms averages Is sufficient to produce a smooth 

iitreoe.: v- 6 -; v: " 



.-'1^ •' 



The span should be set to 102.4 kHz. 



' ' i 



This selects the logarithmic x-axIs. 



o I 



h ■ 1 



: [.■ 



■ 






i»ct *•», 






') . 



V : 
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6. Press < Math > 



[DEANS FI ) 



6. Press [MEAS DATA] 
[spectrum channel 1] 



[IOMEGA] 
[ ENttn ] 



7. Press < Meas Data > 



[more] 

[funcron (Fi-rs)] 

[FUNCRON FI ] 



( » u : Mr 



t cl* 



itirx :•* ►r 

n • 



ir;.4Mr 

C>*IW 



8. Press < Scale > 



[auto SCALE] 








mmmi 







/^^Xn0iJOVFLW|srnGSsage;Mnderjiealh;^t^ 

^’'v^rlndic»te^OT! 

[V.vlthus generates 






•/ i? ■ 'i;v :!• ?( jtiv. ;!' ■ I 




lo.oispiaviiuie %'r.j 

i i ( -r.v'^ >’<s M 



V''\ ■ H j 



.‘J -I . •\'“V ■" ' '-■ '• -’ - ; 

Vr . '’^'L '■ ’V -!; • • ■' ,'•■ - ..1 . ' 

t l>'.' ‘ , ' ^ ' ■ j 






•to*:-,'*'.'*. 



9 
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Index 



A 

Absolute marker 
See Marker 

Acoustic noise measurement 7*1 
Application utilities 12-2 
Autoranging 4-2 
Averaged linear spectrum 3-9 
Averaging 4-10 
exponential 4-12 
fast 4-13 
peak hold 4-13 
rms 4-10 
stable 4-12 
vector 4-10 

B 

Band-selectable analysis 
See Zoomed measurements 
Baseband measurements 3-2 
Bln 3-2 

C 

Coherence 3-16 
Coordinate type 
See Trace type 
Copying a disc 
See Disc operations 
Cross power spectrum 
See Cross spectrum 
Cross spectrum 3-17 



Formatting a disc 
See Disc operations 
Frequency bln 
See Bln 

Frequency domain 3-1 
Requency response 3-1 B 
Fiequency span 3-2 
Full-span measurements 3-2 

H 

Hann window 
See Window, Hanning 

I 

impact testing 4-8, 9-1 
Input range 4-2 ‘ 
maximum 4-2 
minimum 4-2 
setting automatically 4-2 
setting manually 4-2 
Interleave factor 
See Disc operations 

L 

Leakage 4-3 
Limit tables 14-1 
Limit testing 14-1 
Linear spectrum 3-9 
Linear y-axis 3-5 
Logarithmic x-axis 3-6 



D 

Data tables 13-1 
DC offset, explanation for 3-3 
Disc operations 
copying 12-2-12-3 
formatting 11-5 
Interleave factor 11-6 

F 

Fast Fourier Transform 
SeeFFT 
FFT 3-2 

FFr analyzers 3-2 
rile utilities 12-1 
Filter characterization B-1 



M 

Main marker 
See Marker, absolute 
Marker 

absolute 5-9 
offset 6-1 1 
Marker coupling L-11 
Mass storage device, selecting 1 1 -4 
Measurement Speed vs. Time Record Length 3-4 




N 

Network measurements 3>7 
Noise density 
See PSD 

Noise level measurement, ampliner 6*1 
Normal averaging 
See stable 

O 

Offset marker 
See Marker, offset 
One-channel measurements 3*7 
Overlap processing 4-14 
OVFLW message 1 6-1 , 1 5*9 
Ovil message 4-2 
Ovl2 message 4-2 
OVLD message 4-2 

P 

Periodic chirp B-4 
Plottlng/Prlnllng 10-1 
plotting or printing 10-3 
preparation 10-2 
Polar coordinates 3-22 
Power Spectral Density 
See PSD 

Power spectrum 3-9 
PSD 3-12 

R 

Random window 
See Window, Hanning 
Rea l-time ban dwidth 4-14-4-15 
Recall operations 
See Save and recall operations 
Rectangular coordinates 3-22 
Relative marker 
See Marker, offset 
RTBW 

See Real-time bandwidth 

S 

Save and recall operations 11-1 
data tables 11-3 
limit tables 11-3 

math functions (and constants) 1 . -3 
states 11-2 

traces 11-2,11-7-11-8 
Slgnal-to-noise measurements 6-3 - 6-4 
Single-channel phase 3-10 
Sinusoidal window 
See Window, Flat Top 



Special functions 12-2 
Spectral density 
See PSD 

Spectral purity 6-1 
Spectrum measurements 3-7 

T 

THD 6-14 
Time domain 3-1 
Time record 3-3, 3-14 
Trace malh 
See Waveform malh 
Trace type 3-8 
group delay 3-21 
Imaginary part 3-24 
linear magnitude 3-18 
logarithmic magnitude 3-1 9 
phase 3-20 
real part 3-23 
Transient window 
See Window, Uniform 
Triggering 6>8 - 6-6 
TWo-channel measurements 3-7 

U 

User math 
See Waveform math 

W 

Waveform math 16-1 
Wide-band noise 6*6 
Wli'dow 4-3 
exponential 4-8 - 4-9 
flat Top 4-4, 4-6 
force 4-8 
banning 4-4 - 4-5 
uniform 4-4, 4-7 

Z 

Zoomed measurements 3-2 



Hewlett-Packard Sales and Service Offices 



m To obtain Servicing information or to order replacenient parts, contact the nearest 

Hewlett-Packard Sales and Service Oflice listed in HP Catalog, or contact the nearest 
m regional office listed below: 

IB In the United States In German Federal Republic 

Hewlett-Packard GmbH 

B California Vertriebszentrale Frankfurt 

P.O Box 4230 Berner Strasse 117 

■ 1 421 South Manhattan Avenue Postfach 660 140 

Fullerton 92631 D-6000 Frankfurt 66 




Georgia 

P.O. Box 106006 
2000 South Park Place 
Atlanta 30339 

Illinois 

6201 Tollview Drive 
Rolling Meadows 

New Jersey 

W. 120 Century Road 

Paramus 07662 



In Canada 

Hewlett-Packard (Canada) Ltd. 
17600 South Service Road 
Trans-Canada Highway 
Kirkland, Quebec H9J 2M6 



In France 

Hewlett-Packard France 
F-91947 Les Ulis Cedex 
Orsay 



In Great Britain 
Hewlett-Packard Ltd. 
King Street Lane 
Winnersh, Wokingham 
Berkshire RGll 6AR 



In Other European Countries 
Switzerland 

Hewlett-Packard (Schweiz) AG 
7, rue du Bois-du-Lan 
Case Postale 366 
CH-1217 Meyrin 



In All Other Locations 
Hewlett-Packard Inter-Americas 
3166 Porter Drive 
Palo Alto, California 94304 



